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Tender-handed stroke a nettle 
And it stings you for your pains. 
Grasp it like a man of mettle 


And it soft as silk remains. 


—old Scotch proverb 


_ YEAR, don’t temporize. Don’t 
try to get by with materials which 
were good enough in less competitive 
times. Use modern alloys containing 
Nickel to cut production and operat- 
ing costs, reduce the heavy tax im- 


posed by corrosion and wear. 


Nickel helps each ounce and inch of 
metal do more work at lower cost per 
year. Nickel aids in solving many of 
the thorniest problems confronting 
you in 1939. The helpful suggestions of 
our research engineers, their practical 
experience in solving similar metal- 
lurgical problems for other businesses, 
are yours for the asking. 


ANCHORS AWEIGH! But they 
weigh less, withstand salt water cor- 
rosion longer. These chains are cast 
from strong,tough Nickel-chromium 


steel at the Norfolk Navy Yard. 








HAVE A VERSE FOR IT 








LANDSLIDES CLEARED 
QUICKER because this shovel 
is 28% lighter. Harnischfeger 
Corp., Milwaukee, makes it 
of a light-weight design using 
high-strength Nickel alloy 
steels, 


NICKEL “tov steets 





TWO POUNDER 
GRINDS AT 50,000 
RPM! For the vi- 
tally important spin- 
dle of this fly-weight, 
air-driven grinder 
and die finisher the 
Onsrud Machine 
Works, Chicago, 
uses SAE 3135 steel 
toughened and 
strengthened with 
Nickel. 
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What's Coming 


As a natural continuation of the 
articles on molded plastics in the 
January and this number, March 
P.E. will present the first compre- 
hensive detailed article on laminated 
molded _ plastics-steel sheet construc 
tion. The scope and limitation will 
be explained in detail together with 
design factors and detail data on 
typical constructions. 


Other articles will include shrink 
age in welded constructions, elec 
tronic controls, the concluding part 
of Mr. Rasmussen’s article on gear 
design appearing in this number. 
plus the usual departments. 


April P.E. will be a special treat 
to clippers in that it will be an 
issue almost entirely devoted to de- 
sign work sheets of which there will 
be more than 30 pages covering 
more than 16 subjects. And as an 
added plus value, a comprehensive 
directory of sources of supply for 
parts. materials, finishes, and engi 
neering department equipment—re- 
vised. corrected and up-to-date. 
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PIPER AIRCRAFT CORP 


Formerly 
TAYLOR AIRCRAFT CO. 


LOCK HAVEN, PENNA, U. S. A. 


January 13, 1939 


Mr. W. E. Kennedy, Manager 
Product Engineering 

530 West 42nd St. 

New York, N. Y. 


Dear Mr. Kennedy: 


We of the aircraft industry are constantly scanning 
the field for new ideas in connection with the design and 
construction of airplanes, and we find that the advertising 
section of magazines, such as Product Engineering, is a very 
fertile field for ideas and suggestions, which will improve 
and simplify our product. Quite often items are described by 
manufacturers' advertising material in the magazine, and this 
is often the only source of this information. Therefore, it 
is very profitable to review the advertisements carefully to 
bring to light any noteworthy improvements in designs, which 
are shown in the advertising section. 


We have found a great deal of very helpful material 
in the clear-cut articles and series contained in your maga- 
zine, and have been especially interested in the section which 
you devote to ways and means of attaching adjacent parts and 
providing for covers, caps, etc. We especially like your 
treatment of up-to-date subjects concerning new materials and 
methods and trust that you will continue this aggressive 
policy of informing the industries concerning latest develop- 
ments and ideas. 


Very truly yours, 





WCJ:BS 
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Public Careers for Engineers 


NOTHING AGGRAVATES me more than the oft repeated 
sweeping criticisms that engineers cannot write, cannot 
make a speech, and take no part in public affairs or gov- 
ernment. [| have heard many speakers loudly bewail 
their assumption that engineers do not possess the quali- 
fications required for a successful career in politics. So, 
let's look at the situation. 

My experience has been that the worst writers are 
found among lawyers. Most laws are written and passed 
by lawyers: and then dozens of other legal minds 
wrangle for years rendering dozens of different interpreta- 
tions as to what was meant by the law and how it applies. 
The most unreadable book I have ever tackled was writ- 
ten by a lawyer. Teachers are likewise guilty of a great 
deal of poor writing. Many school textbooks, written by 
teachers. present the subject so poorly, have so many 
mistakes in english and are so ambiguous in their explana- 
tions that pupils become confused and are labelled dumb 
because they are unable to guess what the writer meant. 

On the other hand. the famous stirring description of 
the march of the German troops into Belgium was written 
by engineer-trained Richard Harding Davis. The uni- 
versity alumni registers list many well-known writers 
who were graduated as engineers. And if one studies 
engineering reports written by engineers. the judgment 
must be that though they may not be interesting. most 
of them are clear and concise. 

\s to speech making. | have been “put to sleep” many 
a time trying to digest “orations” by bankers, lawyers. 
politicians and others. I have about concluded that 
engineers are criticized for their speech making largely 
because their addresses do not include a lot of flag waving. 
sex appeal and hysteria. And it is hard to conceive how 
such elements could be worked into a paper on subjects 
such as impact resistance and yield point. 

\s to the dearth of engineers participating in public 
affairs. the first question that comes to mind is. “Has 
there been a logical place for engineers in public life?” 

When military superiority was the one and all-important 
consideration, those who guided the destinies of nations 
were soldiers.—Hannibal. Alexander the Great, Caesar. 


Napoleon. and many others. As civilization advanced, 


it became more and more important to establish law and 
order, and naturally the law makers and men of letters 
took a greater and greater part in the affairs of nations. 
This transition can be seen in the history of the United 
States. Washington. Jackson and Grant were soldiers. 
Theodore Roosevelt became a national figure as colonel 
of his rough riders. Not including him. there has not 
been a military man as president of the United States for 
more than sixty years. 

Today. the problems created by scientific and tech- 
nological developments are rapidly becoming the domin- 
ating ones in the affairs of nations. And thus we see 
that government control is in many instances being sup- 
planted by government operation. More and more 
engineering structures are being built by the government. 
ranging all the way from roads to power systems and 
battleships. Whether we like it or not, this is the trend. 
in addition to which the major problems of government 
are steadily becoming more involved by reason of engi- 
neering progress. 

Of course. the engineer has not in the past participated 
much in government. There was no special reason why 
he should. In the past the problems of science and 
technology were largely of minor importance to gov- 
ernment. But with the changing picture there will be an 
ever increasing need for engineers in the administration 
of public affairs and engineers will be called upon to 
play a more and more important part. 

Positions in public life demand the ability to present 
well-written reports. To hold the confidences of the 
public, such positions also require the ability to make 
interesting speeches in an interesting manner. In so far 
as these two factors are concerned. | believe that on the 
average the writing and speaking ability of engineers 
is equal to or above that found in other professions. 

As time goes on and the demand for technically trained 
men in public office increases. there will be no dearth of 
well qualified engineers to meet the need. On the average 
they are as public-spirited as any other professional group. 
and can write and orate as well or better. Why all this 
pointless self-condemnation. especially so when the facts 
do not bear out the accusations ? 
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PATENT CHANGES PENDING 


G. F. NORDENHOLT 


Patents held the limelight at the “‘monopoly” committee hear- 


i (rn 
ings. 


As a result, changes in the patent system seem inevitable. 


Here are summarized opinions and suggested improvements 


gathered from Washington interviews 


ESTIMONY 
National Committee. 
TNEC. or Monopoly Investigating 
Committee as it) Is 


before the Temporary 
Economic 


popularly called, 
brought to light quite a number of weak- 
nesses in the present patent system and 
its operation. General opinion is that 
some changes will be made in the patent 
laws or their administration. It is also 
possible that amendments will be made 
in the Clayton Act or the Sherman Anti- 
Trust Laws. As in every instance when 
a change in laws is being contemplated, 
fear and uncertainty is aroused and the 
thoughts of many are to the effect that 
any change would be disastrous. 
Chairman of the committee on patents 
of the House of Representatives is Dr. 
William |. Sirovich of New York City. 
Whatever he thinks, says or 
have a 


does will 


major and, on most points, a 
controlling influence on proposed patent 


legislation. In an with the 
writer he summed up his attitude in the 


statement. “Where the patent system is 


interview 


being used to obstruct the progress of 
the useful arts and sciences. relief should 
be provided; but on the other hand. no 
measures should be taken which would 
way destroy the efheacy of the 
system in 


in any 
patent stimulating invention 
and in the encouragement of the useful 
arts and sciences.” 

Cynics might point out that novices 
in all sincerity can make disastrous mis- 
takes. 
on patent law; he has been chairman of 
the House Committee on 
eight years. He is fully aware of the 
complexity of the problem and is safe- 
guarding ill-ad- 


But Dr. Sirovich is not a novice 


Patents for 


against many possible 
vised actions. 

In order to make available to business 
men and industrial executives informa- 
tion regarding the patent problem. the 


National 


has commissioned the 


Manufacturers 
National Indus- 
trial Conference Board to make a_ thor- 
ough study of all phases of the patent 


Association of 


problem. This study being conducted 
by the National Industrial Conference 
Board will cover every phase of the 


patent problem, both technological and 


economic and the various divisions of 


the study are being delegated to experts 
in the respective fields. 
tee of the American Engineering Coun- 
cil has been delegated the task of study- 


Thus a commit- 


of the patent system in stimulating invention and in the encouragement » 


the useful arts and sciences,” 


ing and reporting upon the technical as 
pects of the patent situation. 
Chairman of the patent committee o! 
the American Engineering Council is 
Dr. R. S. MeBride. consulting chemical 
Washington, D. C.. and 
Washington editor of the Chemical & 
Kenneth H. 
Condit. assistant to the president of the 
National Industrial Board 
and consulting editor of Product Engi 
both the 


engineer ot 
Vetallurgical Engineering. 
Conference 


neering, is: serving on patent 
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Harris & Ewing 
Patent Commissioner Conway P. Coe in his testimony before the TNEC 


said, “What we need is not to decrease but to enhance the monopoly called 


a patent. 


Genuine protection in that form would be the last surviving 


bulwark standing between the inventor and the onslaught of mighty and 
ruthless corporations. ... And | believe you will find that whenever these 


large corporations, themselves firmly established, undertake a new develop- 


ment, that development is likely to be founded upon patent protection.” 


committee of the American Engineering 
Council and the committee of the Na- 
tional Industrial Conference Board. 
Other committees that are studying the 
patent problem include the committee 
appointed by the secretary of commerce 
and the various 
\merican Bar Steps are 
heing taken so that the findings of these 
various committees will be summarized 
and presented to the 
House of 


committees of the 
\ssociation. 


members of the 
Representatives patent 
It is being freely talked about 


in Washington that Dr. Sirovich is aim- 


com- 
mittee. 


ing to accomplish this very 
order that his patent committee will 
have the benefit of all of the studies be- 
ng conducted by the various non-politi- 
| committees. 


thing in 


Patent Privilege Abuses 
Summarizing some of the testimony 
bmitted at the “monopoly” committee 
arings: (1) Automobile manufactur- 
s are not concerned much. one way or 
e other, as to patent protection; (2) 
basic 


the glass-container industry. 


itents on manufacturing 


machinery 
ld by one company put that company 
a position where it could use their 
itent protection to restrict) production, 
‘ prices and control the whole indus- 
vy: (3) An instance was cited wherein 
itent protection was stretched to cover 
total of 54 years by keeping the “patent 


tebruary, 1939 


applied for” alive for 37 years: (4) It 
was testified that a superior radio tube 
possessing twice the life of the present 
tubes had been developed by the Bell 
Laboratories and patented but that tube 
manufacturers refused to manufacture it. 
Facts are that the tubes cost five times 
as much and hence there is no market 
for them: (5) One owner of a patent 
licensed two manufacturers and paid one 
of them a percentage of the royalty paid 
by the other licensee. 

Other 
charged against the present patent sys- 
tem and its operation include: (1) De- 


criticisms and accusations 


lays created by interference proceedings: 
(2) Delays in getting the patent issued 
because of claims. 
submitting unwarranted amendments. to 


continually adding 
applications. forfeiture and renewal ap- 
plications and similar factors: (3) The 
excessive cost of “testimony sessions” in 
interference proceedings created by the 
submission of irrelevant testimony: (4) 
The necessity of a more complete and 
thorough = classification 
Patent Office. 

In reopening the “monopoly commit- 
January 16. Assistant 
Secretary of Commerce Richard C. Pat- 


division in’ the 


tee hearings on 


terson said. “We are concerned primar- 
“What is a 
Does the present law 
fulfill its constitutional purpose? And. 
in the light of our modern business struc- 


ily with such questions as: 
good patent law? 


15 


ture. do anv changes need to be made 


in the substantive or procedural provi- 
sions with a view to its improvement?” 
Coe. Commissioner — of 
Patents, then testified 


mittee. He coneeded that the 


Conway P 
before the com- 
svstem 
had been abused. and recommended the 
following changes: 

1. Establish a single court. of 
appeals which would have jurisdiction of 


patent 
appeals in patent litigation coextensive 
with the U.S. 


Such a court 


courts and its territories. 
would operate to reduce 
the time and cost of litigating questions 
of ownership. validity and infringement 
conflict of de 


cisions between appelate tribunals. Com 


of patents and obviate 
missioner Coe’s recommendation calling 
for a single court of patent appeal would 
be a big step toward eliminating one of 
the loudest complaints of individual in 
ventors. namely. the excessive cost of 
establishing thei 
stated 
hundred 


protecting patents or 
validity. One smaller 
that it had cost 
thousand dollars to establish their patent 


company 
them several 
rights. It is claimed that large corpora- 
tions will simply pile up the litigation 
costs until the true inventor must drop 
the case for lack of funds. 

2. Commissioner Coe recommended a 
limit of 20 years from the date of ap 
plication for a patent to the date of the 
expiration of the This 


mendation seems to be in the minds of 


patent. recom 


many. An objection expressed by sev- 
eral patent attorneys is that interference 
proceedings might consume such a large 
period that the 
would have no value to the = in- 


portion of the 20-year 
patent 
ventor. The answer to this objection. 
favoring the 20- 


as expressed by those 


vear patent life. is to expedite inter- 


ference proceedings or issue the patent 
regardless of interference, leaving it to 
the courts to decide the issue. But. it 
long as the 


is pointed out. as patent 


faces interference proceedings it” has 
little cash value. 

3. The third recommendation by Com- 
missioner Coe was to reduce from = two 
years to one the period in which an ap 
plicant for a patent may copy a claim 
from an issued patent for the purpose of 
asserting priority of his invention. 

1. Authorize the commissioner of pat 
ents to require an applicant to respond 
to a Patent Office action within less than 
statutory 


the normal period of | six 


months. 

5. Abolition of the practice of renew 
ing a patent application which the in 
ventor permitted to lapse. but giving the 
commissioner authority. at his discretion. 
to accept payment for the final fee after 
the statutory period for making payment 
has expired. in order to protect poor 
might lose their 
for lack of money to pay the fee. 


6. Reduction 


inventors who rights 


from two vears to. one 


year of the period in which an inventor 
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may have public use of his invention 


prior to filing his application for a 
patent. 
that. 


need is not to decrease but 


Commissioner Coe’s view | is 
“What we 
to enhance the monopok called a patent. 
Genuine protection in that form would 
be the last surviving bulwark standing 
between the inventor and the onslaught 
of mighty and ruthless corporations. 

And | believe you will find that 
whenever these large corporations. them- 
established. 
new development. that 


likely to be 


tection.” 


selves firmly undertake a 
development is 
founded upon patent pro- 

Not many details relating to the opera- 
tion of the Patent Office were included 
in the testimony given before the TNEC. 
For example, the fees paid to the Patent 
Office are turned over to the United 
States Treasury and the Patent Office 
is operated on appropriations passed by 
Congress. which annual appropriations 
have been from $150,000 to $500,000 less 
than the sum received from patent fees 
and turned into the U.S. Treasury. In 
other words. a portion of the patent fees 
paid by inventors is used. for purposes 
other than the operation of the Patent 
Ofhiece. 


to many. the 


This seems illogical and unfair 
feeling being that the 
money paid in for patent fees should all 
be expended for improving the opera- 
tion of the Patent Ofhee. and if more 
than sufficient for that 
is being collected. the fees should be 


money purpose 


reduced, 


Interference Proceedings 


\ general criticism among patent. at- 
torneys is that the classification division 
of the Patent Ofhee should be expanded 
and a thorough classification of all pat- 
This situation has 
been receiving the attention of Commis- 


ents should be made. 


well- 
acquainted with the details of the opera- 
tion of the Patent Office. and they report 


sioner Coe. according to men 


that good progress is being made. Per- 
haps here would be a place where some 
of the money received in excess of the 
appropriations could well be spent. 
Concerning interference proceedings. 
one complaint is that sometimes a party 
to the proceeding will insist on present- 
ing irrelevant and inadmissible testimony, 
often bickering for days over a technical 
relative to the 


point admissibility of 


some minor testimony. In this manner 


the party with the more money can 
eventually pile up the costs of the pro- 
extent that the 


perhaps in the 


such an 
though 


ceedings to 
poorer party. 
right. must 
lack of money. 


drop the case because of 
One prominent attorney 
suggests that whenever inadmissible or 
irrelevant testimony is submitted, all the 
costs incurred for both parties be charged 
against the party submitting the inad- 
missible evidence. 


Under the present Patent Office pro- 
cedure it is no longer possible to stretch 
out the period of “patent-applied-for” by 
“juggling” with the claims. Adoption 
of the recommendations made by Patent 
further 


Commissioner Coe would = also 


greatly expedite the issuance of the 


patent. If interference proceedings were 
likewise expedited it would be impossible 
to keep a “patent-applied-for” for an 
undesirably long period, such as oc- 
curred in the case of the patents on the 
making machinery. In 


that event. it would make little or no 


glass-container 


difference whether or not the patent life 
were limited to 20 years. At present 


the average time required to issue a 
patent when there is no interference is 


about three years. 


Pioneering Licensees 


It has been suggested that all licenses 
issued by patent owners be required = to 
be made a matter of publie record. this 
to include all of the terms and conditions 
incorporated in the license agreement. 
The object is. to deter or discourage 
charging different royalty fees to differ- 
ent licensees. rebating a part of the 
royalty paid by one licensee to another 


licensee. or discriminating in any other 


ways. It has also been suggested that 
every license to manufacture must by 


law permit the licensee to manufacture 
in any and every field and that all li- 
censes granted by the patent owner must 
be identical as to terms and conditions. 

But as pointed out by patent attorneys. 
the first 
license to manufacture a patented prod- 
uct takes all the risks and incurs all the 
expense of promoting the sale and de- 


manufacturer who procures a 


veloping the market for the new = inven- 
tion. Hence he should be recompensed 
by a lower license fee or perhaps a per- 
centage of the royalty paid by subsequent 
licensees who reap the benefits of the 
work and the 
curred by the pioneering licensee. 
If these arguments are 
there would be no point in 


promotion expense in- 
acceptable. 

requiring 
patent licenses to be made public record. 
For psychological reasons it would have 
a harmful effect. 

\s to the suppression of patents. this 
charge is one that has been aired re- 
peatedly but hever proved to everybody s 
satisfaction. Suffice to say. if any  in- 
dustry were to continuously change its 
machinery and the 
of the product it 


production design 
is manufacturing in 
order to keep up with the latest possible 
design. most of the time would be spent 
in “improving” and little time would be 
available for production. Costs would 
go up tremendously. A new radio tube 
with twice the life might cost five times 
as much and some one would have to 
pay the loss of the unsalable out-of-date 
tubes in stock, and that person would be 
the consumer. 






It is significant that little attention is 
being paid to the bug-a- 


boo. The opinion among patent attor- 


“suppression” 


neys is that whatever suppression might 
be practiced is negligible and no one 
has succeeded in remedial 
legislation that would not do more harm 
than good. 


proposing 


On top of all of these discussions con- 
cerning possible changes in our patent 
law system and patent laws, there is a 
school of thought among patent attor- 
neys and official Washington that any 
and all evils perpetrated by virtue of the 
monopoly granted by a patent can be 
controlled or eliminated through existing 
This school 
of thought contends that all abuses can 


laws or amendment thereto. 


be properly eliminated through the use 
of the Anti-Trust Law or 
amendments thereto and the Clayton Act 
and similar laws. It is pointed out that 
instance wherein the govern- 


Sherman 


in every 
ment has prosecuted companies for im 
proper use of patent monopoly. the gov 
ernment case came out satisfactorily and 
was settled to everybody's. satisfaction. 
This school of thought urges no appre 
ciable change in our present patent laws. 
but contends that the Federal Trade 
Commission and Department of Justice 
such individual 


can readily prosecute 


companies as use the patent law’ im- 
properly. claiming that this 
will be far 


procedure 
superior to any 
with the basic 


tampering 
protection rendered by 


our patent system. 


Cross-Licensing 


Concerning pooling and cross-licens 
ing. Dr. Sirovich tersely summed up his 
thought when he said to the writer: 
“Wherever pooling and cross-licensing 
operates to the benefit of the public. it 
should be encouraged. But where privi- 
patents or 
abused, 


granted by 
therefrom. are 
should be 


leges 


resulting 
such situations 
prosecuted and the 


parties punished. 


guilty 


“T want to see the instrumentality of 
patents serve to help solve our unem- 
ployment problem and IT am = convinced 
that in the creative brains of our coun- 
try lies the solution to this problem.” 

It is generally conceded. that improve- 
ments in the patent law and in the 
operation of the patent system can be 
made. It is also admitted that 
abuses have been 


some 
under the 
these abuses 
have been relatively insignificant. Suffice 


practiced 
patent system, although 
to say. they have not been of any ap- 


preciable influence in retarding — thie 
progress of science and technology as is 
attested by the rapid progress that has 
been made. However, this is no reason 
why improvements should not be made 
in the patent system if ways of improving 
it can be found. Nor is there much rea- 
son to fear that harmful patent legi-\a- 


tion will be proposed and enacted. 
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Modern Desi 


New Grinder Has Complete Electri 


Headstock driven through worm 
and wheel and silent chain 


fable reverse / 


Main sfop- 
start contro] 


Table con- 


Rheostat eines fro/ rheostat 


for heads tock motor” 
Selector swit- 
gfes for 
a tab/e 
contro/ 


lever engages a We ioniarte 
cross-feed. Amount of feed governed 
by setting crank of variable radius 





Operation of all major units in the new Browne and Sharpe 
“22 Series” plain grinding machine is governed electrically 
through selector switches and control knobs grouped at the 
front of the machine. Headstock and table are driven by d.c. 
motors. The motor-generator set supplying d.c. to these motors 
housed in a compartment at the rear of the bed. Wheel 

spindle is driven by multiple V-belts from a motor mounted on 


the wheel slide. The phospor-bronze 
adjusted while spindle is running. 


d.C. OF d.c. 


spindle 
Grinder. 
power supply. 


boxes can be 
furnished for either 
requires 18 hp. at maximum capacity. 


of 


‘al Control 


Multiple /- ve 
to whee t 

| , , : : a Sn 

} VY hes 0for mounted on fadie-arive motor 

\ : ; - | 

| 7) ~ , a 
+ Centrifuga/ coolant 


motor pump 


«a— Welded stee/ 
DC. generator coolant fank 
for headstock 


motor Screw for be/t- 


tension odjustment 


\D¢ generator 


for table motor 





Power application is simplified by use of separate motors; 
this also permits flexible electrical control of machine functions. 
Bed is 


and supported at three points to insure alignment. 


heavy one-piece gray iron casting. internally braced 


Lubrication 
table 
flow of filtered 
Safety switch in lubri- 


of wheel spindle, wheel slide ways, cross feed mechanism. 


driving mechanism and table ways is by gravity 
oil pumped from 6 gal. reservoir in bed. 
machine 


steel 


cating pump discharge line automatically 


if oil supply 


stops entire 


fails. 45 gal. coolant tank of welded has 


removable baffles which aid settling. 




















———— 









































individual motors for operating table. 


Lubricating O81 js pumped through Headstock drive js through worm. 
oolant pump and lubricating oil pump filter to the cross-feed screw thrust beat worm wheel and silent chain from an 
-implify drive to various units. increase ing and wheel slide. and flows by gravity adjustable speed Yo hp. dic. motor built 
iccessibility§ and = reduce mechanical to wheel spindle. cross-feed screws. ways integral with headstock assembly. Speeds 
parts. Motors are grouped at rear. and drive and feed mechanisms. are controlled by rheostat. 
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Modern Designs—Electrically-Controlled Grinder (continued) 


Electrical control devices are conveniently recessed in machine 





ce 
, BROWN & SHARPE MFC. bU.. 
» PROVIDENCE. Rite 0.8, AL 
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front. with elements easily accessible. 





AMPERE RATINGS OF FUSES 
AND O L HEATERS 





220 VOLTS,|440 VOLTS|550 VOLTS,|?2° ¥ 
3 PH 3 PH 3 PH a WIRE 





60 | 50 | 60 | 50 | 60 | 50 
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SYMBOLS 





































































































































































































cs 


COOLANT SOLENOID CONTACTOR 





HWS | HANOWHEEL SOLENOID CONTACTOR 





cR 


CONTROL RELAY 





AR 
RCE 





AUX. RELAYS USED IN CONJUNCTION WITH 
HANOWHEEL & PUSH BUTTON CONTROL 




















oLry 47 | 52 | 24] 26 | 20 | 22 | 43 sl [NORMALLY OPEN CONTACT 
oL2] 75 [o75| 35] 38] 2 32 | 62 b Inomeaty aati suman 
ols] 35 | 38| 18] 16] 135{ 15] 29 ae 
o.4] 127 15] 065] 080] 055] 065[ 11 SE [RELAY OR CONTACTOR COIL 
oc 5] 135 | 15 | 065] 080] 055] 065] 12 ais | HAND OR TABLE DOG 
oL6} 32| 32{ 32| 32] 32] 32] 32 MES OPERATED SW 
OL7 29 29 29 29 29 29 29 © |OVERLOAD RELAY CONTACTORI 
Ei 35 | 35 | 15 | 15 | 15 | 15 | 35 
10 | 0 | 10] 0 | 10] 10 | 10 S$ OVERLOAD RELAY HEATER 
NOMENCLATURE No.|}60 Cycre RATING 
OLf MAIN MOTOR OVERLOAD RELAY Bg 15 HP - 1200 RPM 
OL 2|M-G SET DRIVE MOTOR OVERLOAD RELAY I | 2xP - 1800 RPM 
OL 3| WHEELSLIDE MOTOR OVERLOAD RELAY il | V2HP-1125 RPM 
OL4| OIL PUMP MOTOR OVERLOAD RELAY W | %HP-1,750 RPM 
OL 5| COOLANT PUMP MOTOR OVERLOAD RELAY | V | Yup - 1,750 RPM 
OL 6| H'DST'K MOTOR OVERLOAD RELAY W | V2 HP - 690/2,760 RPM 
OL 7} TABLE MOTOR OVERLOAD RELAY VW | V2 HP - 850 RPM 
L&/| TABLE LINE & DYN. BR’K CONTACTOR ya | 1\KW-1.750 RPM 
S | TABLE SLOW DOWN CONTACTOR TX | 1 KW - 1,750 RPM 
SS | TABLE SLOW SPEED CONTACTOR AT | 102 LBS. - 85% VOLTS 
uv | TABLE UNDERVOLTAGE CONTACTOR XZ | 10.2 L\BS.- 85% VOLTS 
7S | TABLE TRUING SPEED CONTACTOR ZZ | 10.2 \BS. - 85% VOLTS 
14} TABLE GEN. FIELD REV. CONTACTOR R1 |1-29 5 TAP UNIT 
CEMF| TABLE COUNTER emf RELAY R2|'~ 14325 TAP UNIT 
ye] | TABLE DWELL RELAYS eT Bh Ll 
£5 | TABLE END STOP CONTACTOR RS | 1- 29 2 S TAP in 
2A | H'DST'K RATIN INTACT 1-20 2 2 TAP UNI 
LE TOSTR See SRK CONTACTOR #4 {1-20.05 tap Unit 
F48| WHEELSLIDE MOTOR CONTACTORS (NOTRE Seis SS 
YERSING R6 | 1500 NM ADJ TAP 
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MAIN STARTER HEADSTOCK TABLE " 7 is 
START STOP pon 43 
RIGHT SLOW DOWN 



















75 






START LEFT SLOW DOWN 


RAND, 
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TRA- 
START HAND WHEE, POWER PLL rr gel 
te et 
ALO! 






AST 7\ 


. 
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HANOWHEEL 
W/TH 
WHEEL SL/DE 




















HANDWHEEL 2 
KNOBS W/TH 
WITHOUT u 
WHEEL SL/DE WHEELSL/DE 
By interconnection of cireuits, con- made inoperative: headstock motor is features include adjustable table dwell 
trol of supplementary machine functions stopped; and coolant motor is set to run from zero to 1% sec.. automatic slowdown 
is made automatic with the control of a while table is moving. and reversal of table motor. Centrifugal 
given major function. For example. if Setting selector switch at “Handwheel” coolant pump is driven by a 14 hp. in- 
| the machine is set for wheel truing. the establishes a semi-automatic cycle in tegral motor. Lubricating oil is circulated 
, “extra slow” series of table speeds is which advance or withdrawal of grinding by a geared pump driven by 1/6 hp. 
> selected) automatically: table dwell is wheel controls start-stop of headstock. motor. If any a.c. motor stops from over- 
eliminated: semi-automatic control is table and coolant pump. Other electrical load. entire machine will stop. 
= 
LINE CONNECTION 
MAIN 
STARTE) 





LINE CONTROL "> 
FUSES FUSES (OM/T FOR 5O CYCLE 
‘ OPERATION ) 





H’DST'K CONTROL ’ 
PANEL : | 


7TR2\ TRI 





WHEEL SLIDE 
L/MIT SWITCH 
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Modern Designs — Molded 


Both weight and cost were reduced 
in the new Zephyr Thermique permanent 
wave machine, manufactured by the W. G. 
Shelton Company. A compact housing 
incloses the transformer. voltage adjuster 


and timing apparatus. and distinguishes 
it from similar machines employing the 
conventional 
In the new model, a casting is replaced 
by a two-pound plastic molded housing 





Plastic Housing Saves Weight 











clothes-tree construction. chrome-plated tubing. 





Portable Air Plant Uses 
Ford Engine as Drive 


and Compressor 


Four cylinders are converted to air com- 
pression by installation of air discharge 
valves in the cylinder head. and the re- 
maining four cylinders furnish engine 
driving power in the Schramm Fordair 
unit. Light in weight, this self-contained 
air plant is easily moved from job to job. 
dimensions are 
the same as the Ford block. 


delivers 55 cu. ft. actual air per min. A 


Compressor practically 


Compressor 


system that opens intake valves unloads 
the evlinders when there is no air de- 
mand. See Product Engineering, Septem- 
ber 1937, 


tion on the unloading operation. 


page 350 for further informa- 
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14 in. in diam. The standard, from which 
the machine is removable. is heavy-gage 
Chrome-trimmed 
base has concealed casters. The new ma- 
chine was styled by Barnes & Reinecke. 
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Ceramic Disk Acts as Hot Bulb in Car Heater 


~ 
_ 





Balancing of integral parts and 
careful planning have made the South- 
wind Heater a compact unit. 6 in. wide 


“corburetor" 


Tn 

















































































x 8 in. high. Funetional design gives Gasoline drawn from engine carbure- closes first electric circuit after) which 
streamlined) shape and = allows) smooth tor by suction from manifold) furnishes operations are automatically controlled 
flow of air through the unit. Heating is fuel for the heater. Push-pull) control by dual thermal switch. Heater can be 
independent of engine cooling system. opens and closes suction valve and installed with defroster attachment. 
an 
: = 
eee 
ee 
> >annrjranranns: 
‘ N A 
. nmap 
pom a 41-7 
' \ 4 
‘eee tH-5 
a 
Fan ecireuit js closed by inner con- diesel engines. was used to maintain eight parallel passages so that hot gases 


ts of dual switch when sufficient heat combustion upon loss of vacuum at low 


: been generated to actuate thermal speeds. Gases are drawn into the blind 
rip. Additional heat separates outer hole in the hot disk for easy ignition. 
‘ints shutting off current to Nichrome Good combustion efficiency makes possi 
re coil. When starting cold this coil ble operation on only one inch of 
nites the incoming gas-air vapor which vacuum. Since considerable heat re 
is been mixed in the heater carburetor. mains in the combusion chamber when 
ramic disk heats up and acts as a re- push-pull control is shut off, the thermal 
niter in event of momentary interrup- switch keeps the fan in operation until 
mn of vacuum. Originally a metal igni- cool heater causes thermal strip to ope! 
m point, insulated in the combustion 


umber and similar to the hot bulb in 


ate and open fan circuit. Heat extractor 
is an aluminum casting constructed with 
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entering at the center must travel a total 
of 40 in. before being drawn to the 
manifold. Fins on the outside of the 
extractor absorb the heat and pass it 
along to the air stream from the electric- 
ally driven fan. An auxiliary air passage 
is designed into the unit so that on 
warming-up period a leaner gas-air 
mixture is provided. \ small thermo- 
static metal strip bends away from the 
inlet. This device allows additional air 
to flow in. 





Modern Designs 


Redesign of the Duo-Therm space 
heater lowered die costs. reduced the 
number of parts, and lowered finish and 
trim costs. Previous design was available 
in three sizes of units, and three finishes. 
All new units employ standardized end 





panels; front and rear panels vary in 
width to suit unit capacity. Stamped 
louvres in the sides and front replace 
grilles. Finish on all models is speckled 
enamel. Design consultants were de 


Vaulchier, Blow & Wilmet. 








Ei 


75.000 r.p.m. spindle speed is devel 
oped in the Onsrud air turbine grinder. 
Tool is rated 1/6 hp.. weighs 12 0z.. has 
molded phenolic housing and aluminum 
Nickel steel spindle is 


mounted on precision ball bearings. 


end housing. 








The Hieyele nut runner styled by Lawrence Blazey of 
Designers for Industry for the Chicago Pneumatic Tool Com- 
pany, is streamlined into a smooth balanced tool, with all un- 
necessary projections eliminated. Cast aluminum, with steel 
inserts for bearing faces of moving parts, is used for the housing. 
Handle bracket is malleable iron. Motor is air cooled. 


RANDOM JOTTINGS ABOUT 
NEW DEVELOPMENTS 


Composition blades of phenolic ma- 


caused by blade contact is eliminated. 


terial are used in the rotary air com- 


pressors and dry vacuum pumps built 
by the Yeomans Brothers Company. The 
phenolic blades are tough and hard; it 


is claimed that wear of the bore or any 
other parts of the 


{ combination of dynamic. magnetic 
and air brakes constitutes an outstand- 
ing feature of a new feather-weight sub- 


New “Super-matic™ caleulating machine manufactured 
by the Friden Calculator Company, has tabulator keys color- 
coded in varying shades of green to lessen eye-strain. The body 
case and carriage cover are stamped sections of 14-gage 250 
aluminum sheet, “Alrok” treated. The case is sound-proofed by 
laminated liner pads die-cut from sheets of impregnated felt. 


way car to be placed in experimental 
service by the B.M.T. The car will be 
streamlined and articulated. with four 
trucks supporting its three body sections. 
Fight G-E 1198, 300/600-volt motors re 
used, with control equipment employ og 
commutator -type controller, dyna 
braking. and magnetic track brakes 


housing or rotor 


* 
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GEAR CALCULATIONS 


based on Dynamic Loading and Wear Resistance 


Part I. 


A. C. RASMUSSEN 


Chief Engineer, Insley Manufacturing Company 


Development of gear tooth formulas, based on Professor 


Buckingham’s report and the A.G.M.A. formula for dynamic 


tooth load, which consider wear resistance as well as strength 


EAR TEETH 


from bending because of over- 


sometimes — break 
loading: however. most gear 
teeth fail from continued abrasion of the 
contact faces until the wear so greatly 
reduces the section that ultimate failure 
occurs from breakage. The Lewis  hy- 
pothesis serves definitely as a basis for 
determining the structural strength of a 
gear tooth, but it does not determine the 
abrasive resistance of a tooth. 

An analysis and a rational method for 
determining the abrasive resisiance of 
year teeth was published in 1931. by 
Professor Earle Buckingham. Chairman 


of the A.S.M.E. Special Research Com- 
mittee on the Strength of Gear Teeth. 
The committee’s conclusions were based 
on tests which had been conducted con- 
tinuously for a number of years. 

The writer has designed gears in ac- 
cordance with Buckingham’s analysis 
continuously since its) publication and 
has experienced no failures. The in- 
formation given by Prof. Buckingham 
is the basis for this articie. 

To aid the quick solution of gear 
problems formulas will be developed in 
which the following nomenciature will 
be used: 





B = backlash in in. 

p = diametral pitch 

p’ = circular piteh in in. 

v = velocity of pitch line. ft. per min. 

H = additional backlash resulting from 
maximum tolerance in gear eccentricity 
and tolerance in center to center dis- 
tance 

h=sum of maximum tolerance in 
vear eccentricity and tolerance in cen- 
ter to center distance 

b’ twice the sine of the tooth pres- 


sure angle 2 sin a 
I transmitted tooth load in Ib. 
f = face width in in. 
w = transmitted tooth load in Ib. per 
. of face 
i= increment of dynamic load. Ib. 


r in. of face 

‘; = load in Ib. per in. of face required 
deform the tooth by the amount of 

e effective error 

€ =mb=a tabulated value repre- 
nting the load required to deform a 

oth, of given material and form. a 

ven amount. (See Table I) 

D) = dynamic tooth load in lb. for spun 
irs 
/; = dynamic factor for spur gears 

|. = limiting static tooth load for beam 
ength in lb. for spur gears 

‘; = flexural fatigue limit of material 


lb. per sq. in. 
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NOMENCLATURE 


Errors of gear tooth profiles. backlash 
and deformation under load. all result 
in an increment load that is added to the 
transmitted load. The total of these two 
loads produces the impact load on the 
gear tooth which will in this article be 
designated the “dynamic tooth load.” 


Buckingham: “The 


stresses set up by these impact loads 


Quoting = from 


must neither exceed the beam strength 
of the tooth if breakage is to be avoided 
nor exceed the compressive fatigue limit 
of the material if excessive wear of the 
tooth faces is to be prevented.” 

In designing metal gearing. where the 
increment load is practically independ- 
ent of the intensity of the applied load. 
a margin of safety is allowed rather 
than a factor of safety. and dynamic 
loads are determined as a function of 
initial error and deformation under load. 

On this basis. designing of gear teeth 





) Lewis “Tooth-form factor.” Values 
given in Table IIL are for tooth pitch ex- 
pressed in circular measure 

B.H.N. Brinell hardness number 

| limiting static tooth load for 
proper resistance to wear in lb. for spul 


gears 

d pitch diam. of pinion. or in an 
overdrive the smaller gear. in in. 

Q = ratio factor for spur gears 

V load-stress factor 

\ number of teeth in pinion. or in 
an overdrive the smaller gear 

\ number of teeth in larger gear 

E modulus of elasticity of the ma- 
terial in pinion 

E modulus of elasticity of the ma- 


terial in larger gear 
E, =a value dependent upon EF, and 


E 

e= E./E 

Ss surface fatigue limit in lb. per 
sq. in. for the material in pinion 

S. = surface fatigue limit in Ib. per 
sq.in. for the material in larger gear 

S; = surface fatigue limit in Ibs. per 
sq.in. for the two materials in combina- 
tion 

2 = pressure angle of tooth form 


n =r.p.m. of pinion shaft 

WK, = tooth load at center of pres 
sure in a bevel gear 

Z =a ratio of the distance to the cen- 


ter of pressure on a bevel gear tooth 
with respect to the distance to the outer 
edge from the apex 

b = average backlash in in. divided by 
0.001 (ie. if B 0.006 then b 6) 

m coefhcients of 6 in Table I 

T = torque on pinion shaft Ib.in.. on 
in an overdrive the smaller gear 


i, C/u 


s margin of safety 
d’ dynamic factor for bevel gears 


Ly’ dynamic tooth load in Ib. for 


bevel years 


LS limiting static tooth load for 
beam strength in lb. for bevel gears 


g a reduction factor used in Lewis 
formula for bevel gears 

0’ ratio factor for bevel gears 

F formative number of teeth in the 
pinion 

F formative number of teeth in the 
gear 

R ratio of speed reduction \V, \ 

l cone distance to outer edge of 
bevel fear 

d pitch diameter of gear in in. 

F formative ratio in bevel gears 

4’ = limiting static tooth load for 


proper resistance to wear in lb. for bevel 
gears 

r radius of center of bevel tooth 
pressure about center of rotation of 
pinion 








o4 


consists of determining the dynamic 
tooth load and of keeping this ioad both 
within the beam strength and within the 
limit load for wear for the tooth section 
with margins of safety. 

The limits of initial error that are pet 
missible. that is. the amount of backlash 
that should be 


mating gears, 


specified for a pair of 


must be — established. 


Whereas. Buckingham states that for 
well cut) commercial gears, the pet 
missible backlash should vary from 0.002 
in. for gears of 6 p to 0.004 in. for gears 


; ) 
of 2 p, the 


author has found that gear 
sets operated with such small amounts 
of backlash will whine and hum when 
inclosed and run in oil. The oil that 
clings to the teeth has a certain thickness 
that should be 


tight meshing with resultant gear hum. 


considered to prevent 
usually occurs 
places the blank in 


the gear cutting machine. allowance tor 


As a certain inaccuracy 
when the operator 


eccentricity should be made by provid- 
ing an average backlash that is sufh- 
ciently greater than the eccentricity so 
that high spots do not cause tight mesh- 
ing with resultant noise. Also. allowance 
should be made for the tolerance within 
which the shaft centers in the gear case 
are held. 

For gears running in oil in an inclosed 
gear case with shafts mounted in ball or 
roller bearings. the following formula 
serves well to determine the propel back- 
lash to allow for a pair of gears in mesh. 

For pitch line velocities less than 1.000 
ft. per min. 

B 0.030 ‘p 


For pitch line velocities than 
1.000 ft. per min. 
B 0.030 +0.000 003 (2 1.000) | /p 


The eccentricity of pitch circle with 


more 


respect to gear center and the gear cen- 
ter to center distance in the gear case. 
should together be held within a_toler- 
ance such that at least 0.50 of the aver- 
age backlash remains as minimum back- 
lash. 

Backlash resulting from tolerance of 
gear centers in the case and eccentricity 
of gear center in the gear is determined 
by means of the formula developed in 


TABLE I—Values of C, 
b backlash in 0.001 in. 





VALUES 


‘Tooru For VIATERIALS or ¢ 





11! Pdeg C1. & Cll 800 b 
Involute Cul. & Steel 1,100 6 

Steel & Steel 1.600 4 
20 deg Cl. & C3 830 b 
Involute” C1. & Steel 1.1106 
full depth Steel & Steel 1.000 4 
"0 dey Ci. <3 850 b 
Involute C1. & Steel 1.180 6 
stub Steel & Steel 1. 720 b 





, Vole 


cast tron as the modulus of elasticity ts nearly 


For bronze. use the values queen for 


the same for both materials 





TABLE II — Values of S; and 7 S, 





Mart. BAHL.N) ScuLER. S rS 





Mar. B.H.N. ScLer. S rS; 
C3 160 12.000 37.700 Steel 360 51 90,000 283.000 
SS 0) 18.000 56.6000) Steel 100 50 100.000 314,000 
Ph. Brz 100 21,000 75.500) Steel 110 2 110.000 316.000 
Steel 150 — 37.500 118.000) Steel 180 66 120.000 377.000 
Steel 200 28 90,000 157.000) Steel 520 72 130.000 109.000 
Steel 210 33 60.000 189.000) Steel 5600 a3 110,000 110.000 
Steel 280 38 70.000 220,000 Steel 600 $l 150.000 171.000 
Steel 320 15 80,000 251.000) Steel O10 85 160,000 503.000 





The sele re scope hardness ofa surface hardened or carburized steel should nol be used lo find the 
flerural fatigue limit of the material as tt dees not indicate the core strength. 


“Block 
by the writer that appeared in 
the March 13, 1935 issue of the 
can Machinist. This formula evaluates 
the additional backlash H resulting from 
the maximum tolerance h permitted for 


the article. Gaging Involute 
Gears.” 


{meri- 


the center distance and eccentricity of 
gear as H=h b’ in which 0’ equals 
twice the sine of the tooth pressure angle. 

Contrary to Buckingham, the writet 
has found it desirable to allow 
backlash for high speed rather 


than less, because there is less time for 


more 
gears 
the oil or lubricant to be squeezed out 
With open gears. 
backlash could be used. 


however, with the heavy bodied gear lu- 


of the tooth spaces, 


possibly less 


bricants used the same amount of back- 
lash allowed for high speed gears run- 
With heavy slow 
moving gears and with gears not rigidly 


ning in oil is advisable. 


held at the proper centers, more back- 
lash would be suitable. 


Dynamic Tooth Load 


The dynamic tooth load formula orig- 


inally published by Prof. Buckingham 
is expressed as 
D=f (w+i) (1) 


in which 


i 0.05: 
i] h 2 
0 Od) + Vv h 


and }, (w+ C) (3) 


The formula for the dynamic tooth 
Prof. Bucking- 
ham and then adopted by the American 
Manufacturers 


load as later revised by 
Gear Association and 
used by the writer in this article is 


0.05v (f C+ W 
. LW (4 
0.050 + ViC+w 


Proceeding from this basis. the writet 


has developed specific formulas as 


follows: 


u W /j (5) 

Refering to the Equation (4) let the 
term 

0.05r (fC + 
t) 
O.05v + afc . FB 
Then Equation (4) can be expresse¢ 
as 
D ft i (7 


The dynamic tooth load as shown by 


Equation (8) is then written 


from which ; Y 


Equation (8) is written in this form to 


é 
show the value of the increment load 
with respect to the transmitted load 


which is taken as unity. 


Let d dynamic factor 


or d ( 1-4 ) 10 


Then D fied 11 
For greater ease in calculating the dy 
namic factor, let 
m the coefficients of “b” in Table | 
b = average backlash in 0.001 in. 
(i.e.. if B = 0.006. then 6b = 6) 


Then C mb (12) 
Tn 
63 ,025 


Then as HP 


in which 7 = torque on shaft Ib. in. 


63,025 HP furd, 


: (13 
26,050 > 
from which — fu 12¢ - HI - 
126 050 > 
and a 0 HE i“ 
fdyn 
r dyn 
Also . 3 ‘ 


c 
Let k , then from Equation (12 
w 


and Equation (15) 
] mbf 


> 


126 0302 
a a 


20 Vilwt+Cc 


1 


20 \ fw (1 T “) 


1 


Also let } 


20 Viw V1+hk, 
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000 
000 
000 


000 
000 
000 


000 
000 


nd the 


vn by 


rm to 
load 


| load 


, ih. 


ERING 


200 WViu 
and also let / , Which then 
20 eo ar 
= 26; .050 
TT d / . a 4 " d Mi 
12 
HP 
240 V 126.0508 4" 
rdyn 
/ 
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With these modifications Equation (10) 
is written 


mbf 
126.050 HP 
d Mi 
d 1 T 
97.120 HP l _ 
TS het dyn "126,050 HP 
1+— Vain QF 126,05 = 
21 
Or in terms of &;, k» and } 
] + ] 
d ] ; 2 
or 
1+ / 
ad ] yt 
l Vi / 


\ study of Equation (21) reveals an in- 
teresting relationship: that for a given 
HP, d, and n, the dynamic factor d; re- 
mains the same regardless of any change 
of m, 6b or f, so long as their product 
remains unchanged. That is. if m = 500. 
b= 6. and f = 2 in.. then mbt = 6.000. 
Then if m 1.000. b 1. and / lle 
in. mbf still 6.000 and therefore d 
is the same. 

Equations (22) and (23) are written in 
terms of Ay. Ay and /, for convenience in 
designating the steps in the solution of 
a problem as shown in the appended 
examples. 


Value of C and Backlash 


The values of C were established by 
Prof. Buckingham and the Committee 
ifter the testing of many pairs of gears 
luring the investigation. As these tests 
vere undoubtedly made with gears hav- 
ng a small amount of backlash. it may 
ie that the value of C should be altered 
mewhat for greater amounts of back- 
ish. As Prof. Buckingham’s data ex- 
‘nds up to 0.005 in. backlash and as 
ie values of C given are directly rela- 
ve to the amount of backlash. the 
riter has continued this direct  rela- 
onship for the greater amounts of 
acklash. 

The values for C given in Table I are 
- stated, the values published by Prof. 
suckingham and no doubt are for dry 
ears or for gears with only a small 
nount of surface lubrication. With 
irdened steel pinions and gears in- 
sed and running in heavy bodied oils 
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TABLE Ill—Values of y 


For standard addendum, full depth teeth 








No 1115 prG 20 DEG 20 DEG 
OF FULI FUL STUB 
TEETH DEPTH DEPTH rooTH 
12 Q O07 0.078 Q 099 
13 0 O71 0. 083 0 103 
11 0.075 0. 088 0. 108 
15 0.078 0 092 0 111 
16 0 081 0.091 0.115 
17 0.081 0 096 0.117 
8 0.086 0.098 0 120 
19 0 088 0.100 0.123 
20 0. 090 0.102 0.125 
21 0 092 0.104 6.137 
23 0.091 0.106 0. 130 
25 0 097 0.108 0.13: 
a7 0.099 O11 0.136 
30 0. 101 oO 114 0 139 
31 0 104 0.118 0.142 
38 0 106 6.122 QO 115 
By) 0 108 0 126 (118 
50 0 110 QO 130 QO 151 
60 0.113 0. 1314 QO 151 
ro QO 115 0.138 0 158 
100 0.117 0.112 0 16] 
150 119 0 116 0 165 
300 0.122 Q 150 0.170 
Rack 0.124 0 151 0.175 





or fluid greases the writer has had con- 
sistently good results in using 415 6 for 
20 deg. involute. full depth. steel pin- 
ions against steel gears instead of 1.660 
b as given in the table. Undoubtedly the 
oil acts to cushion the impact and to 
distribute the load over a greater area 
than along the line of contact of the 
tangent cylindrical surfaces with the re- 
sult that the intensity of the lead is 
greatly reduced along the line of 
contact. 

The values or « in Table | cover SeV- 
eral tooth forms and combinations of 
material. 

For bronze. use the values given for 
cast-iron as the modulus of elasticity of 
bronze is nearly that of cast-iron. 

The limiting load for beam strength 
of a tooth is calculated by means of the 
Lewis formula 

TSLIY, 
L = in which piteh is expressed 


as a diametral number or (24) 


TABLE IV—Values of E, for 


Various Combinations of Materials 





Cast iron and cast iron. i2.0 x 10° 
Cast iron and bronze 12.9 x 10 
Cast iron and semi-steel. . 3.3 x 10* 
Cast iron and steel 7.1 xX 10* 
Bronze and bronze 14.0 « 10 
Bronze and semi-steel . . 4.5 xX 10! 
Bronze and steel 19.1 x Te" 
Semi-steel and semi-steel i5s.0 < 10 
Semi-steel and steel. 700 « 10 
Steel and steel 30.0 « 10! 





/ S,p’ ty. ine which piteh Is NX 
pressed as circular measure 29 
in which however the fiber stress is taken 
at the flexural fatigue limit of the ma 
terial. The tooth load thus found. there 
fore. is the least load that will produce 
a fracture of the tooth henee the dy 
namic tooth load should be less than it 
by a margin of safety. For good results 
the dynamic tooth load should not be 
more than 0.85-0.90 of the beam 
strength. 

The flexural fatigue limit of different 
materials is given in Table IL. Fatigue 
tests on steel indicate that the fatigue 
limit follows quite closely the Brinell 
hardness numeral and can be expressed 
satisfactorily by the formula 


S 250 (B.H.N.), also 26 
rN 785 (BLHLN 2ha 


Values of S,; and = S; are given in 
Table Il. and values of y are given in 
Table HL. to facilitate computation. 

The se lerescope hardness of a surface 
hardened | carburized steel should not 
be used to find the flexural fatigue limit 
of the material as it does not indicate 
the core strength. whereas the Brinell 
hardness numeral does indicate the hard 
ness of the core. 


Surface Wear or Abrasion 


The durability of the surtaces of gear 
teeth to resist surface wear or abrasion 
is dependent upon the surface fatigue 
limits of the materials. the respective 
curvatures of the mating teeth and the 
relative hardness of the mating surfaces. 
\ harder material in the pinion will cold 
work the surface of a sotter and more 
malleable material of the mating gear 
and thus increase its surface fatigue 
limit materially. These calculations are 
based on the “Hertz” formula used to 
determine the stresses resulting from 
two evlinders of different radii and differ 
ent materials in contact under load. The 
dynamic tooth load should be less than 
the limit load for wear and as with the 
beam strength. for good results. the dy 
namic tooth load should not be more 
than 0.85-0.90 of the limit load for wear. 

As before stated. a harder material in 
the pinion will cold-work the surface 
of a softer and more malleable material 
in the gear and thus increase its sur 
face fatigue limit materially. Experience 
indicates that for two hardnesses of ma 
terial in the pinion and in the gear. the 
average of the two surface fatigue limit 
values can be used for the surface fatigue 
limit of the two materials in combination. 
The average B.H.N.., therefore expresses 
the proper hardness of the combination. 
However. S; should not be taken at more 
than 1.50 S. to avoid excessive fatigue 
stress on the gear face. and therefore the 
average B.H.N. should not be taken at 
more than 1.50 times the B.H.\. of the 








56 


TABLE V — Values of S, for steel 





BALLN 








ScLER. No. S BLN. SciLer. No. S 
150 22 50,000 100 56 150,000 
75 25 60,000 125 59 160,000 
200 »$ 70,000 150 62 170,000 
220 1 80,000 175 65 180,000 
250 | 90,000 500 68 190,000 
2i9 38 100,000 525 C2 200,000 
300 12 110,000 550 75 210,000 
325 15 120,000 ve 78 220,000 
350 19 30,000 600 $1 230,000 
S75 a2 110,000 625 84 210,000 
softer material. erly withstand wear is given by the 
Thus S;, iy (S,+S.), but this is formula 
not to exceed 1.50 $8 (27) A fQd,M 37 
82 sine 1 | in which Q 2 N./(N\i+N> 38 
Then M i4 Et EB 28 
“1 12 It should be realized that with car- 
QF, Eo burized teeth, the tensile strength of the 
i" cs ec Misi pi ° e 
E, E, +E, “y core material governs in the beam 
E strength calculations whereas the surface 
also let « ae (30) hardness governs in the calculations for 
“i the limit load for wear. 
2e¢ BE, Table VI gives values of MW for vari- 
then 1+e (30a) ous combinations of materials for 1444 
= : deg. and 20 deg. gears. The classification 
Rewriting Equation (28) a os ea 
cast-iron includes the ordinary  semi- 
: S? sin a 31 steels. Some of the high strength cast- 


0.70 FE, 


For 14% deg. pressure angle gears 
sin a 0.2504 
| Ml a 32 
then ] a 32 
2.7957 E,, 
Values of Ey, are given in Table IV for 


various combinations of gear materials. 
When E, equals 30,000,000 Equation 


a. 
(32) becomes 


Vl 119 2507 ( : ) 
100.000 


For 20 deg. pressure angle gears. 
sin a 0.3420 
vi ~ : 
2 0467 EF ac 
When EE, equals 30.000.000° Equation 


') 
{oo} becomes 


\ 
V 162 wi ( ) 
100.000 


the 
of steels of varving hardnesses is given 


Table V. 


consistently with the following equation. 


The value of surtace fatigue limit 


in 


\s the values agree quite 


the equation can be used to find values 


4S, for intermediate values of hardness. 
S 400 (BH N 25 34 
Substituting this value of S; in Equa- 
tions (32) and (33) for 14% deg. pres 
sure angle. 


> \ 7 
M=1 o(" _ ) 35 
~) 


for 20 deg. pressure angle 


— aa(" HN ) 
25 


The limiting static tooth load to prop- 


36 


irons and other special alloys have a 
greater modulus of elasticity than cast- 
iron and the ultimate strengths are also 
higher. The values of M for such mate- 


rials can be calculated from Equation 
(31) taking S; as a value within the 


elastic limit of the material. 

Given the horsepower and speed of the 
driving shaft or the torque to be trans- 
mitted by a pair of gears having a given 





ratio, from Equation (37) the diameter ot 
a spur pinion can readily be determined. 

Since the useful that be 
transmitted in one revolution of the pin- 


work can 
ion equals the limiting static tooth load 
times circumference of the pinion pitch 
circle divided by the dynamic factor d 


the transmitted horsepower can be ex- 
pressed as 
Adns . 
HP 39 


263 ,025 xd 


in which n = r.p.m.. and s = margin of 


safety. 
Substituting the value of A from 
Equation (37) in Equation (39) 
HP fQd? Mins 40 


263 ,025 d 

Substituting for Q the ratio factor 
2N2 
Nit N2 


Equation (40) becomes 


fd M MS N, 
id (3 O25 d )( Nit = ” 


from which 


63.025 HP d.\(f Nit No . 

ie ( Mns )( N; ) - 
also 

Torque x d N | NN» 9 

fd ( Ms )( N. ) 43 


Obtaining the value of f d; by either 
Equation (42) or (43) deter- 
mine upon a suitable face width f and can 
then find the value of d, to suit. 

Having thus obtained the value of d,. 
the pitch is usually selected so as to have 
15 to 
long addendum 


one can 


from 25 teeth in the pinion and 
teeth 


avoided. 


with undesirable 


undereut can be 


TABLE Vi—Values of VM 








PINION (HEAR V 

Mat. B.HLN SCLER Vat B.H.N. Scier Ss 1i!5 pre. 20 DEG 
Steel 150 22 Cast iron 30000 11 60 
Steel 200 23 Cast tron TOL000 87 119 
Steel 250 up 3b up Cast iron 90,000 144 196 
Steel 150 22 Phosphor Bronze 90,000 16 62 
Steel 200 20 Phosphor Bronze 70,000 9| 124 
Steel 250 Qup 3h up Phosphor Bronze 55,000 36 201 
(last-tron (last-iron 90 000 193 - D814 
Steel Pinion & Steel Crear 150 a2 50,000 30 11 
rie 25 60.000 13 59 
Take the average of the BUT. N. of the 200 28 70,000 58 80 
pinion and the B77. N. of the gear to 229 31 80,000 76 104 
find proper value of S. to use. How- 250 31 90,000 96 is2 

> 

ever, do hot use a B Hl V. more than 275 38 100.000 119 163 
1.50. BAL. N. of the softer steel to avoid > sin a 
. , : 300 ‘(2 110.000 144 19 
eveessive abrasive load on the softer 295, 5 120.000 Iv] 235 
steel 350 19 130.000 0] 975 
Sie ae 110,000 233 319 
100 56 150.000 208 366 
125 59 160.000 305 11% 
150 62 1T0.000 344 17] 
175 05 180,000 386 528 
500 68 190,000 130 988 
seis (e4 200,000 176 651 
550 re 210,000 525 718 
aio 78 220,000 576 788 
600 sl 230.000 630 862 
625 1 210,000 086 938 
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COLORING OF METALS 


By Chemical or Electrochemical Methods 


DR. C. B. F. YOUNG 


President, Institute of Electrochemistry and Metallurg, 


and Consultant 


Part I. First of a series of articles presenting some methods for 


coloring metals wherein the base metal or alloy from which the 


object is made becomes part of the coating produced 


RODUCTS which are mechanically 

correct in every detail are quite 

possible to produce. but unless 
these objects have a pleasing finish the 
public will not have an urge to buy them. 
This may be explained by saying that 
form alone does not create in the human 
mind the desire for possession. A buying 
public demands perfectly proportioned 
forms in combination with colors which 
are harmoniously arranged. By such a 
combination only can a manufacturer 
hope to place on the market objects 
which please and which will be  pur- 
chased. 

From this generalization it is apparent 
that there are two fields to cover in the 
manufacture of finished objects. These 
are the shape of the object. and the color 
or colors of the object. Assume that 
metals or alloys are used as the raw ma- 
terials and that these have been formed 
into desired shapes ready for finishing. 
How can the articles be finished so as to 
vive them a pleasing appearance? This 
question must be answered every day by 


lany manufacturers. 

lt is possible to color metals or alloys 
painting, lacquering or japanning the 

~urtace, but these articles will) not. at- 

mpt to cover the field. Neither will they 
scuss the methods of coloring metals or 
oys by enameling. 

In this series of articles the author will 

esent some methods of coloring metals. 

ese methods can be classified as chem- 

il or electrochemical and generally 

sist of making the object to be col- 

ed the anode or cathode in a suitable 
ution, or, dipping the materials in the 
th. The colors produced can be consid- 

‘das producing coatings which are a 

rt of the metal or alloy. True, the 

‘ring material is generally a thin film. 

vever, the base metal or alloy is gener- 
a part of the coating. 

Metallic coloring may be accomplished 
liree ways. These are (1) by produc- 
a thin film of a colored chemical 
pound upon the surface of the ob- 
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ject: (2) electrodepositing another ele- 
ment or compound upon the object. and 
(3) using a metal or alloy which has the 
desired color. As can be seen the first 
two produce colors because of a surface 
phenomenon, while the last produces the 
color by having it a part of the base 
metal. The type selected will depend 
upon the base metal, color desired. and 
the use to which the object will be sub- 
jected. 


ALUMINUM. This metal is used in the 
industry to a large extent today and it 
is often desired to color the resulting 
products. A survey of the salts of this 
metal will reveal that all of them are 
white. Therefore it will be impossible to 
produce colored deposits by converting 
the metal into anv of its compounds. % 
may be recalled. however, that aluminum 
is high in the electromotive series. that 
is. very active. Therefore. this metal will 
displace any of the other metals below it 
in the series. By taking advantage of this 
fact. it is possible to reduce or partially 
reduce other metals on the aluminum 
surface thereby producing a colored 
deposit. 

\luminum may be colored black by 
immersing in either of the following 
solutions: 

SOLUTION | 

Arsenous acid. As.0, (25 grams per 
liter) 

Hydrochloric acid. HCl. sp.gr.. 1.5 
(50 grams per liter) 

Ferric sulfate, Fe.(SO,), (10> grams 
per liter) 

SOLUTION II 

Potassium permanganate. KMnQO, (10 
grams per liter) 

Nitric acid, HNO,,. sp. gr. 1.35 (4 ec.) 

Cupric nitrate. Cu (NO,). (25 grams 
per liter) 

In the first of these solutions the alumi- 
num reduces the arsenic to the metallic 
state while in the second bath copper is 
reduced. It is quite possible that the per- 
manganate is also reduced to manganese 





Fig. 1 Stamped and formed gage tube 
frame made from sheet aluminum. After 
anodizing, it is dyed a blue-black color. 
The markings are obtained by etching out 


the color coating thus exposing the base 
metal beneath the coating 


dioxide which also aids in coloring the 
material black. The quantities of the 
above solutions may be varied so as lo 
obtain a brown deposit instead of a black 
one, 

\n interesting dead white coating can 
be obtained on aluminum rather easily 
by boiling the metal part in a solution 
containing 

Calcium sulfate, CaSO,2H.O (10 grams 
per liter) 

Calcium oxide, CaO (10° grams per 
liter) 

The thickness of this deposit varies 
with time. A period of ten minutes pro- 
duces a coating which is 0.001 in. thick. 
If aluminum alloys are used the tendency 








08 


is for the coating to become gray. The 
material adheres well to the metallic sur- 
face. However. the resistance to abrasion 
is low. as one would expect. 

These coatings will absorb materials 
rather easily and if dipped in solutions 
containing dyes. they will become col- 
ored. In this way aluminum can be col 
ored almost any hue desired. 

In the last 
method for coloring aluminum and _ its 


decade a commercial 
alloys has been successfully introduced, 
by means of which it is possible to color 
this element almost any hue of the rain- 
bow. The method consists of first produc- 





Fig. 2. 


aquamarine blue by immersing in a solution 


ing an oxide coating on the surface of 
the metal. A short discussion here will 
help one to understand the mechanism. 
Aluminum. as has been pointed out, is a 
rather active metal. The element is al- 
ways covered with a thin film formed by 
the union of this material with the oxy- 
gen of the atmosphere. This coating, 
however, is so thin that it does not resist 
corrosion or abrasion to any great extent. 
It is possible to help nature along. how- 
ever. by producing on the aluminum an 
oxide which is thicker. This can be done 
by making the metal the anode in an ap- 
propriate solution. It is well known that 
oxygen is released at the anode while 
hvdrogen is given off at the cathode. 
Some of the oxygen liberated combines 
with the aluminum to ferm aluminum 
oxide which, it will be recalled. is very 
hard. being about 8 on Moh’s seale of 
hardness. This oxide coating is also very 
resistant to corrosion for it is oxidized to 
the nth degree. Thus. by producing an 
oxide coating of appreciable thickness 
one not only protects the metal against 
corrosion but also against abrasion. 





Outside view (left) and inside vieu 
stamped and formed from sheet aluminum. 


These 


using any of a number of solutions. but 


coatings can be produced by 
only a few are of commercial importance. 
These are the chromic acid. sulfuric acid. 
and the oxalate baths. The chromic acid 
bath is used mostly for anodizing against 
corrosion as the coating produced is gen- 
erally softer than those produced with 
the sulfate bath. It is also good to use 
this solution where lap joints are encoun- 
tered. The chromic acid bath uses an 
e.m.f. up to 35 or 40 volts. The time of 
anodizing thirty 
minutes or more. The concentrations of 


generally consists of 


chromic acid vary from 3 toe 15 per cent. 


Phillip Sehrinus & Son, Ine 
(right) of mating halves of a hinged case. 
{fter anedizing the parts are colored an 


The current density is not so important 
in this process but varies from 2 toe 25 
amp. per sq.ft. The temperature should 
be controlled as the property of the coat- 
ing depends to a large extent upon the 
temperature at which it is formed. for 
best results it has been found that 95 
plus or minus 2 deg. F. produces the best 
coatings. The coatings produced by this 
process generally have a slight gray color 
and for that reason are not used exten- 
sively for coloring this metal or its alloys. 
The oxalic baths are generally used to 
produce reflector surfaces and will not be 
discussed here. 

From the standpoint of coloring the 
sulfuric acid bath produces the best 
oxide coating. as it gives a white trans- 
parent hard coating which is an integral 
part of the metal. Also the chemicals 
used are cheap and non-poisonous. The 
time required for anodizing is only 15 
min.. which is comparatively short. The 
solution used contains 

Sulfuric acid, sp. gr. 1.84 (100-1,500 
grams per liter) 


Inhibitor (approx. 2 grams per liter) 





Glycerine or similar materials may br 
used as inhibitors. These prevent excess 
ive etching and help produce smoot! 
white surfaces. The amount of inhibitor 
will depend upon the type. The current 
density varies from 15 to 25 amp. pet 
sq.ft. The temperature of the bath is not 
as critical as the chromic acid solution 
but should be kept within the range of 
65 to 95 deg. F. The thickness of the 
coatings produced vary from 0.0003. to 
0.001 in. After the current has been on 
for 15 min. the material is removed and 
rinsed in clear water. It is well known 
that aluminum salts are good mordants 
and the oxide thus formed is no excep 
tion. Thus. if the coatings are dipped into 
aqueous solutions of organic dyes, they 
absorb and then combine with the dyes 
present. forming insoluble lakes which 
are precipitated throughout the coatings. 
By using different dyes the aluminum can 
be colored as desired. 

The colored compounds formed are not 
stable if exposed to light. For this reason 
they fade in time. The aluminum metal. 
however. can be dyed and its color re 
main as permanent as a piece of dyed 
cloth. 

The fading of the organic dyes has 
caused research to be conducted in this 
field to obtain colored coatings which will 
not fade when exposed to sunlight. The 
author has. during the last three years. 
produced several colors using inorgani 
materials as the coloring medium which 
are fast to light. 
pounds are formed in the interstices of 


These color ed com 


the coating and being insoluble in wate 
they will not wash out. The method em 
ployed consists of first soaking the coat 
ing (which will adsorb and absorb the 
solution containing the 
After a definite period 
has elapsed the object is removed. rinsed. 


solution) ina 


compound AB, 


and immersed in a solution containing a 
compound CD, The two compounds. AB 
and CD, are both soluble. but will react 
with each other to produce an insoluble 
1D. Thus. 

1B + CD {Dp + BC 


When the coating is placed into the se 


colored material 


ond solution. the colored precipitate {) 
is formed. Many solutions tried were of 
no value because the solutions did not ¢ 
Therefore. th 
colored material was formed on the sur 


into the oxide coating, 


face only, however. some success wa 
obtained. It was found possible to pri 
duce blue, blue green, brown and yello 
by this method. The blue and blue gre« 
colors are produced by first soaking t! 
coatings in a ferric sulfate solution cor 
taining approximately 100 
liter of the salt dissolved in water. Aft: 


grams po 


soaking for 3 to 5 min. the coatings at 
rinsed and immersed in a second sol 
tion containing 75 grams per liter 

potassium ferrocyanide. Immediately 
characteristic blue color of this cor 
pound is precipitated in the intersti: 
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f the coating. If ferrous salts and the 
ferricyanides are substituted for the com- 
pounds mentioned a blue-green color is 
obtained. 

It is possible to deform the coatings 
without affecting the colored material. 
The only method of removing the col- 
oring material is to remove the coating. 
Samples of these colored objects have 
been bent back and forth and no harm 
was noted until the base metal cracked. 
\ rather interesting fact was observed 
while obtaining these deposits. If the 
coatings were first dipped in the ferro- 
eyanide solution and then the ferric 
chloride bath very little blue coloring 
was obtained. This seems to be accounted 
for by the fact that the coating does 
not absorb and adsorb the ferrocyanide 
solution as well as the reverse. 

Canary yellow coatings can he ob- 
tained by first immersing the anodized 
coatings in a solution of 

Potassium dichromate. K.Cr,Q, (50 
grams per liter) 
and after washing placing in a lead ace- 
tate or lead chloride solution of equal 
strength. This. of course, forms the in- 
soluble yellow lead chromate which is 
used as a yellow pigment in several in- 
dustrial applications. 

The oxide coating formed on aluminum 
by an electric current is very porous 
when first formed and for this reason 
has a tendency to absorb and = adsorb 
many materials when they are brought 
in contact with its surface. This is es- 
pecially true if the materials used are of 
colloidal 
which has an oxide coating, is suspended 
in “Aqua Dag” 


dimensions. If aluminum. 
(colloidal carbon in 
water), the carbon is taken into the coat- 
ing and a brown-gray color results. 
The oxide coatings can be colored a 
wine red by immersing in a solution of 
potassium permanganate. The material is 
absorbed quite readily. however, it will 
wash out easily being still soluble in 
water. If allowed to stand in the atmos 
phere the color changes after an hou 


’’ so to a brown. This change is un- 
i 


uubtedly caused by the permanganate 
being changed to manganese dioxide. 
These solutions should be heated to 175 
deg. F.. in order to shorten the coloring 
ne. 
Silver can also be used to color anodic 
itings. If certain light sensitive salts 
‘ allowed to penetrate the coating and 
posed to light rays, the silver is re- 
ced to the metallic state thereby pro- 
cing a dark color. 
\luminum can be plated with other 
tals or alloys, but the procedure for 
omplishing this is quite different from 
t of other metals. This, again, is be- 
ise of the activity of the metal. It 
the protective coating of oxide 
sent at all times and this prevents 
proper adherence of the deposited 
erial. For this reason the plating of 
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aluminum will not be dwelt on here. 

Aluminum may be colored a golden 
yellow by alloying with copper. In 
reality the material is a copper-aluminum 
alloy for it contains 93 per cent coppe 
and 7 per cent aluminum. Aluminum 
bronze has a typical yellow gold color. 
it is very resistant to corrosion, has a 
tensile strength which is generally over 
i00.000 Ib. per sq. in. and is attractive 
in appearance. It is. however. hard and 
therefore does not work as easily as 
some materials. 


CADMIUM. This material is not used as 


the pure metal, but is generally plated 
from the cyanide solutions, in the form 
of thin deposits. It may be colored brown 
by immersing in baths of: 

I 

Cupric nitrate. Cu( NO). (30) grams 
per liter) 

Potassium permanganate, KMnO, (2.5 
grams per liter) 

Temperature (175 deg. F.) 

Il 

Sodium thioantimonate, Na,SbS,.9H.0 
(39 grams per liter) 

A black may be produced on this metal 
by immersing in a solution of: 

Potassium chlorate, KC10, (6 grams 
per liter) 

Cuprie chloride, CuCl, (7 grams per 

liter) 
By varying the concentrations and tem- 
peratures of the chemicals in the above 
formulas. different shades may be ob- 
tained. 

Very little plating is done on cad- 
mium as it is comparatively speaking a 
rare metal. True, it has become a com- 
mon metal in that everyone knows what 


99 


it is. but no large source of supply has 
been discovered. It remains a by-product 
of the zine industry. Therefore, it is not 
expected to become widely used as a 
base metal. It can be plated. however, 
more easily than zine and if necessary 
copper. nickel. and chromium can be 


deposited on its surfaces. 


CHROMIUM. This metal is similar to 
cadmium in that it is never used in the 
pure state for the base metal. It also is 
generally deposited as a thin film over 
other metals or alloys. An attractive 
black can be obtained by immersing this 





Phillip Sebrings & Son, Ine, 
Fig. 3—Color contrast and ornamental design are obtained in this brush-back shell by 
using two coloring methods. The piece is made in a stamping operation from thin sheet 
aluminum. anodized and then colored a golden-bronze hue by immersing in a coloring 
solution after which the depressions in the top surface are finished with brown enamel 


material for two minutes in molten 
sodium cyanide, which is held at 1400 
deg. F. (U. S. Patent 1,937,629). The 
material is then removed, quenched in 
cold water, and washed free from any 
adhering salts. 

There are very few formulas fon pro 
ducing colored surfaces on chromium be 
cause of its apparent inertness. It is 
quite possible to deposit colored plates 
of chromium from aqueous — solutions. 
This is accomplished in much the same 
manner as ordinary chromium plating 
except that organic acids are substituted 
for the sulfuric acid. In this way black. 
brown, and blue deposits may be ob 
tained which have all the properties of 
chromium, 

Chromium produces many colored 
salts and for this reason it is possible 
to produce colored coatings on this ma- 
terial. For instance, attractive green 
coatings which are adherent and corro- 
sive resistant can be produced’ on 
chromium plate by heating the material 
to 600-700 deg. C. in a controlled at- 
mosphere. 
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TESTING NEW MATERIALS 


Through Research and Performance 


D. F. MINER 


Manager Engineering Laboratories, Westinghouse Electric & Manufacturing Company 


Procedure for planning a testing and trial production program 


to insure successful performance and economical manufactur- 


ing before adopting a new material or process 


T IS HUMAN to want to try new 
things; advertising appeal is based 
on this attribute. Men change their 
brand of cigarettes or razor blades when 
a new article (or old one dressed up like 
new) is heralded in the impelling adver- 
tising of the day. 
disappointment. 


But trial often brings 


This same urge motivates engineers in 
wanting to try out new industrial prod- 
ucts. By adoption of new materials o1 
processes, manufactured goods are kept 
in tune with technical progress. It is 
necessary, however, to investigate care- 
fully the articles offered. For instance. 
an untried finish used on several thousand 
refrigerator cabinets represents an enor- 
mous potential hazard if it should fail. 
It is not enough to know that a new 
product is successful in another factory: 
it must be demonstrated on the device, 
under operating conditions. 

Transplanting a new product from one 
plant to another in the same company 
sometimes results in failure because of 
only slight differences in conditions. Thus 
a new lacquer thinner, which worked 
well in one plant, failed in another be 
cause the seacoast location of the second 
plant entailed differences in humidity 
which were not thought to be significant. 
An improved steel for punching-dies was 
satisfactory on one job, but when it was 
used for another die, the life was poor 
because there was a difference in clear- 
ance between punch and die. In still 
another case, a coated insulating paper 
used in one plant was unsuitable for 
another plant because the fabricating 
equipment was of different construction. 

Despite these difficulties. the designer 
should not overlook the opportunities for 
cost reduction or improved performance 
available through use of the new ma- 
terials which are constantly being de- 
veloped. Only by continuous trial of the 
untried can we keep abreast of industrial 
progress. Sometimes a very small por- 
tion of the materials studied actually 
finds use in a given line of products. 


but the occasional valuable “hit” more 
than pays for all the “duds.” Consider 
the advantages that might have been lost 
had industry not accepted such develop- 
ments as rayon. cellophane. lacquers. 
aluminum alloys and stainless steel. 

checked by 
your own tests under actual manufactur- 
ing conditions. 


New materials must be 


If the claims for some 
of the fancy-named bearing alloys. cop- 
per hardeners and aluminum solders had 
been true, we would have reached the 
metallurgists) paradise long ago. Brand 
names have many times been used to 
cover the identity of common materials 
sold at a high price. Salt. marketed 
under a name like “Sodochlor,” would 
not do any better job, but it might bring 
an inflated price. After a few rude 
awakenings one is tempted to misjudge 
the situation and to think that most 
offerings are fakes. 


Systematic Program Necessary 


An open mind is first of all essential 
a willingness to try something new after 
cautious scrutiny of the claims and test- 
The new 
material may originate either 
from the outside or the inside—from 


ing of the evidence presented. 
idea or 


the laboratory of a supplier of materials 
or from a manufacturer’s own research 
laboratories. In either case there is a 
great gap to be covered and explored 
between the research laboratory and the 


factory. This involves a systematic pro- 
gram, usually carried out in three steps: 
materials laboratory trial; shop trial on 
a specific application; clean-up of pro- 
duction troubles. Hardly any problem 
smoothly through the 
stages: a “throw-back” 
stage is frequent. 


proceeds three 
to the previous 
The recognition of 
these definite steps and the information 
to be collected in each, helps to clarify 
the problem and insures that points, 
which later might cause expensive fail- 
ures, are not overlooked. 

Laboratory tests serve chiefly to estab- 


lish the physical and chemical proper 
ties of materials. In addition, perform 
ance data of the material or treatment 
are collected from a sample trial. If a 
finish is being investigated. for example, 
If a sheet metal 
is on trial. typical fabrication operations, 
or equivalent test substitutes are tried. 


test panels are prepared. 


If promising results are obtained in the 
laboratory. a production trial is usually 
warranted. This must be undertaken 
under careful supervision to watch for 
unusual behavior and to note the par- 
future 
comparison. The trial should be on a 


ticular conditions of trial for 


limited scale so that losses in case of 


failure will be within reason. It is 
unfortunately true that many materials. 
particularly organic compounds such as 
paints or impregnating liquids, behave 
differently in large quantities than in 
small. and laboratory acceptance is fre 
quently followed by failure in the fac 
tory trial. In one instance, the shop 
trial of a black varnish developed wrink 
ling troubles in drying, not found in the 
laboratory. Progressive change or de- 
terioration of some insulating compounds, 
which laboratory tests do not readily 
indicate, sometimes appear only on batch 
trial. 

After correcting the factory difficulties 
arising either from the “tricks” of the 
materials or its method of use. the shift 
to full production usually uncovers still 
more troubles, caused in part by the 
withdrawal of technical assistance and 
in part by conditions not previously en- 
countered. For example, the trial of an 
air drying cement may be successfully 
made in summer, but when winter ar- 
rives, lowered 


factory humidity may 


cause drying cracks. The history of a 
few typical cases may help to illustrate 


the points mentioned. 
Soldered Porcelain 


A process developed by Westinghou- 
engineers for soldering metal parts to 
porcelain consists of a metal glaze spe- 
cially fired on the porcelain and tinned 
preparatory to soldering the metal parts 
to the porcelain. This fitted a need of 
many years’ standing—an oil and vacuum 
tight joint between porcelain and metal. 
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EERING 


\n attempt was made to rush the idea 
into production quickly, but one trouble 


after another developed. The joints 
could not be consistently tinned, those 
that were tinned would not all stick 


together, and those that held mechan- 
ically, leaked badly. Ultimately, the 
three steps described had to be carefully 
More laboratory 
tests revealed the necessity for certain 
precautions in glazing, in handling and 
in firing. Then it was found the plumber 
had to uniearn his usual procedure in 
tinning. 


traversed. thorough 


He could not go over his work 
a second time with the soldering iron 
and it was essential to keep the iron 
cooler than standard practice dictated. 

The second step was then taken by 
putting a laboratory man on production 
work, and then gradually training a 
skilled workman to take his place. In 
the third step many troubles developed, 
especially when a larger kiln was used 
for firing the glaze, and when the opera- 
tion of glazing was moved to a new loca- 
tion. Finally, out of all the difficulties. 
a set of rules on cleanliness, methods of 
handling, kiln atmospheres, kiln loading. 
cooling of large pieces, and soldering 
temperatures were worked out. Today 
the engineers hear of very little trouble 
in the shop. Attempts to short-circuit 
these progressive steps usually result in 
serious troubles solved only at greatly 
increased expense. 


Finish for Steel Panels 


As a means of saving time and cost 
in finishing certain switch panels. a quick- 
drying. synthetic 
was offered by a supplier. 


heavy-bodied primer 
In the labora- 
tory the new material was found to have 
satisfactory adhesion. toughness and 
other qualities, and thus to warrant a 
production trial. Several panels finished 
were complete failures. exhibiting a non- 
uniform surface appearance of the top 
lacquer coat and bad “lifting” of the 
primer by the top coat. By _ re-testing 
in the laboratory it was found that the 
supplier's second sample was not like 
the first, either through error or lack of 
manufacturing control. When. satisfac- 
tory uniformity was secured, the shop 
trial was again made and was apparently 
successful. After the new material had 


been in full use some time. further 
trouble developed as a result of humid 
conditions. The surface showed serious 
“vlushing.” This was corrected by ad- 
tment of solvents through reduction 


the lower boiling ingredients. 
Metal Plating 
‘requently the apparently innocent 
stitution of one material for another 
igs serious consequences. A simple 
made of sheet steel. used in a ma- 


e assembly. had a rust preventive 


1939 


rua ry, 


coating of cadmium. It was suggested 
plating would 
Shortly 


defective 


“bright zinc” 
be satisfactory and 
after the 


pieces 


that a new 
cheaper. 
change was made. 
piled up and production was 
stopped. A return to cadmium plating 
removed the trouble. It was found that 
in the subsequent strain-relieving heat 
treatment of the assembly, the zine coat- 
ing blistered badly. A lower tempera- 
ture would have produced a zine oxide 
coating, probably harmless. and a higher 
temperature would have fused the zine 
to the steel. The temperature suitable 
for heat treating other parts of the as- 
sembly was the wrong temperature for 
the zine plating, being a range where 
thin coatings of zinc swell and detach 
from the base metal. Cadmium is not 


adversely affected by this heat. 
Die Casting Alloy 


In another case a base was being de- 
veloped for a sensitive thermostat which 
was to operate within close limits. The 
first sample bases. hand-made of alumi- 


num, came through test satisfactorily. 


6] 


then decided to 


product a 


For cost reasons it was 
make the final 
The first pieces showed erratic behavior 


die-casting. 


and were rejected. It was found there 
was sufficient dimensional instability in 
the particular alloy furnished to cause a 
drift in the setting of the mounted thermo 
stat that 
dentally a new. lower cost design which 


continued indefinitely. — Inci 
made operation independent of mounting 
parts resulted from the trouble. 

Costs of testing and introducing new 
materials may vary over wide ranges. 
Cost data collected from wide experience 
in testing of new materials. or materials 
from new sources. show that. even = in 
simple cases. the expense is high enough 
to warrant close scrutiny and planning 
of the tests to be undertaken. Care at 
each step will usually avoid repetition of 
It is also evident that 
offered for sale cannot be 
tested: a judicious choice has to be made. 

If then. we are to profit by the develop- 
ment of new 


work and expense. 
everything 


industrial materials, we 
must keep an open mind, free equally 
from gullibility, and we 


must have a planned program of trial. 


prejudice aor 


TYPICAL COST OF TEST FOR APPROVAL OF MATERIALS* 





Material 


Varnish (insulating 

Lubricating oil 

Synthetic resin ingredient... . 
Cotton tape... . 

Cotton cloth for varnish treatment. 
Deep drawing steel 
Nickel-chromium wire 


» % 
Labora- Factory roduc Total 
ap tion ota 
tory Trial TO : 

Trial 
$110 $75 $260 $455 
65 30 20 L15 
738 1.025 640 2,403 
42 $ 10 70 
187 06 10 293 
75 30 30 135 
95 85 25 205 





* These costs assume no credit from satisfactory products produced during trial. 


In olhe r 


words, thev show the money lost tf the trial ts a fatlure 





Rectifier anode bushings showing soldered joints between metal parts and_ porcelain 
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NEW METHODS IN PLASTICS 


Composite Designs Used in 1939 Cars 


Improved, lower cost molding materials, larger-capacity auto- 


matic injection molding machines and new design methods 


constantly being developed have opened new fields for the use 


and application of plastics in mechanical design 


N THE INCREASING use of plastics 

evident in 1939 models. automobile 

engineers have developed some in- 
teresting and unusual types of construc- 
tions. Among these may be noted the use 
of molded plastics in conjunction with 
other materials, the use of plastics with 
heavy inserts, and the combination of 
plastic parts and rubber cores. Through 
ingenious design. they have combined the 
desirable features of the plastic material 
with those of other materials. the result- 
ing construction possessing outstanding 


properties that could not be obtained by 


the use of only one material for the part. 

Significant examples of the new con- 
structions include instrument panels of 
laminated plastic-steel construction, the 
combination of plastics with die-cast 
parts and new assembly methods employ- 
ing spring steel clips snapped over in- 
tegrally molded lugs. 

Along with these new design methods, 
the availability of new automatic injec- 
tion molding equipment of increased ca- 
pacity has also stimulated the use of 
plastics by lowering production costs. 
Last vear. the largest injection molding 








machines had a capacity of six to ten oz. 
The latest multiple-injection type has a 
capacity of thirty-two oz. Steel-cored 
steering wheels, previously compression- 
molded at the rate of three per hour, are 
now injection-molded at the rate of fifty 
to sixty per hour. 

The Nash molded of 


transparent cellulose acetate and spray- 


hornbutton, 


three-dimensional 
effect is an outstanding example of the 


painted to give a 


new decorative effects now being ob- 
tained. Radiator ornaments are “dressei- 
up” with transparent Lucite insets. 
touched up with paint. Cadillac and I 
Salle have gone a step further with pla-- 
tie interior trimmings, using plastic 
lays in their window regulator knobs. 
And in some cars, dark colored phenol Ss 
are used and finished by overall lacqu: 
ing. enameling and metal spraying. \t 
present, cellulose acetate, such as Tense 
and Plastacele, is the most extensive ¥ 


PropucT ENGINEERIN | 





ten 02. 


» has a 
l-cored 
ression- 
yur, are 


of fifty 


led of 
spray- 
‘nsional 
of the 
ing Ol 
lressed- 
insets. 
and I 
th pli - 
istic 
knolvs. 
henolics 
lacque 
ing. \t 
; Tense 


ensive ¥ 


,ERIN 





ised plastic in the automotive field. 
(ough, flexible and easily molded by the 
ow-cost injection process, acetate is 
ivailable in a wide range of translucent 
‘olorings suitable for applications which sealing. 
require utilitarian and decorative appeal 


istics. Considerable amounts of cellullose 
icetate are consumed yearly in the sand- 
wich filling for safety glass. However, a 
new compound, vinyl-acetal, has been de- 


Good dielectric and physical properties, excellent mold- 
ability around inserts, and low material cost, make phenolic 


~~ ‘= 


| in y 


Plasties on steel—Chrysler’s pioneering contribution to the 


ni lesign methods in plastics. The base of the instrument 
pe lis a 16 by 7 in. steel stamping. Tenite is injection-molded 
0 tae steel surface. Thus the panels appear to be solid 
I vet they have the rigidity of steel. Into grooves in the 


ng are snapped chrome-plated steel strips anchored to the 
backing by speednuts. Panels were molded by Thermo- 
s. Incorrorated on a 500-ton, 32-02. injection press. 
ped with four synchronized injection units. 


Feo uary, 1939 


veloped and is displacing acetate in the 
laminated glass field, 
advantage of not shattering at low tem- 
perature and does not require edge 
Urea-formaldehydes, such as Plaskon 
and relatively good strength character- and Beetle, are used 
handles, knobs and horn buttons, espe- 
cially where light colors are desired. To 
a certain extent this material is gaming 


greater acceptance for electrical parts 


03 


because of its high dielectric strength 
since it has the and are resistance. 

Continued improvements in molding 
technique, such as molding over large 
sheets, gives promise of this type of con- 
struction being used in the near future 
for dome lights, for parts such as door panels. The new 
popular-priced automobile now under de- 
velopment in Germany uses plastics ex- 
tensively for parts such as radiator 


crilles. fenders. and window moldings. 


NA 


resins, such as Durez. the exclusively-used material for distrib 





utor caps, rotor arms, switch parts and similar applications. 





Larger injection moldings are being made. The Chevrolet 


radio grille, injection-molded of cellulose acetate. is 5 by 7%4 in 
The tough. resilient plastic, pigmented to the desired color. 
comes off the press with a lustrous finish that requires no 
further operations other than removing flash. The partially 
assembled grille shows how the wire mesh and fabrie screen is 
attached by Tinnerman speednuts. The same type of fastening 
is used to attach the grille to the instrument panel. Molded by 
the Erie Resistor Corporation. 


CONTINUED ON NEXT PAGE 








64 





In the three-piece gear shift knob 
for Chevrolet cars, composite construc- 
tion avoids difhculties and permits use 
of injection method. A solid knob would 
involve curing and shrinking problems 
and could not be injection-molded. (See 
Product Engineering, February 1938, 
page 76). The molded rubber core is 
slipped into the translucent Tenite shell 
and held in place by the three ribs which 
fit into the grooves in the rubber. 


Three large panels of cellulose ace- 
tate are used in the Hupmobile. These 





Pearl variegated jy color. Tenite is 
used by Packard for the compression 
molded instrument panel. one of the 





Die-cast zinc alloy Methy/ 
housing and letters methacrylate 


largest plastic panels on the 1939 cars. 
The three sections are molded by the 
Sheller Manufacturing Company. 


Buick directional signal consists of 
translucent red Lucite recessed in a die- 
cast zine alloy housing. Each chromium- 
plated die-cast zine alloy letter in 
“Buick” and “Eight” has a hidden pro- 
jection which passes through a_ cor- 
responding hole in the plastic and_ is 
secured with a spring steel fastener. 
Plastic was molded by General Indus- 
tries, Incorporated. The Pontiac radiator 
ornament at the right also uses Lucite. 





NEW METH uf 





panels are compression molded by the 
Sheller Manufacturing Company. 





Small fans for defogging windshields 
have rubber blades fastened to the hub 
with injection-molded Tenite parts. In 
assembly. the molded blades — are 
anchored in slots molded into the larger 
hub piece, the molded cap is put in 


place and parts are screwed together. 
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Three-dimensional effeet jis ob- 
tained in the Nash hornbutton in three 
operations. Button is molded of trans- 
parent Tenite with the word “Nash” re- 
cessed in the rear. The word “Nash” is 
sprayed and filled. The entire rear is 
then painted to match car interior. 


+s 
- 


6. 


ER eee 


Av inlay of cellulose acetate jp 


tl chromium-trimmed metal door 
handles and window regulator arms is 
usd in the Cadillac and La Salle auto 
m: biles. In the window regulating knobs. 


plastic parts are produced by injec 


ti, molding, and are molded with pro- 
je ions which pass through correspond- 
in. holes cored in the die casting. When 
I lace, these projections are touched 
W a hot iron which flows the plastic 


} 


zh to anchor it 


Photographs courtesy du Pont de Nemours Corp. General Plastics Inc., Neu 
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securely in the 
g. Although the die cast handle 


Experimental garnish moldings. 
now being produced in small quantities. 
are injection-molded of cellulose acetate 
by Thermo-Plastics, Incorporated. Prob- 
ably the largest injection moldings ready 
for commercial production, these pieces 
have 95.26 sq. in. of projected area, 475 


has been plated prior to this attachment. 


the heat applied to the plastic is not 
enough to affect the plated coating. and 
a hidden recess in which the plastic Is 
softened conceals the fastening. 


The three parts shown in the fore 
ground form a complete escutcheon \ 
stamping with its outer edge turned 


Against this is the 
plastic ring and then a zine alloy die 


over forms the base. 


cast ring. The die-cast ring has a tubu 


lar projection on the under side of its 
inner circumference 


which passes 


Jersey 





4 


sq. in. surface cavity area, both halves, 
and weigh fourteen oz. It is expected that 
Tenite garnish moldings will be used in 
1940 Plastic 


moldings are now being used on some of 


several models. garnish 
the recent European passenger cars. such 


as the new low-cost German ear. 





through the holes in the two other rings 
and is staked ove - 


The plastic part for the window regu- 


lator knob is molded in the form of a 
ring and is assembled in the recess in 
the outer end of the die-cast knob. being 
held in place by a washer-like head of 
The shank of the rivet 
is passed through the knob and is then 
pressed into a hole cored at the end of 
the regulator shank. after 


a plated rivet. 


which the in 
ner end of the rivet is spun over to make 
a permanent tastening 


Zine Co., Tennessee-Eastman ( orp. 
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WHAT IS INVENTION 


Part I. 


H. A. TOULMIN, JR. 
Toulmin & Toulmin 


This article begins a series that will enumerate the 


positive rather than the negative aspects of new and useful ideas 


which may be patentable and will also consider the qualities that 


make an invention patentable 


PATENTABLE invention is a con- 
ception, reduced to a_ concrete. 
workable expression, of an idea 

that is new and useful. It may comprise 
a machine, an article of manufacture, a 
design as it affects the appeal to the eye. 
a composition of matter, a process, or 
living plants of certain types. In this 
series of articles we shall discuss only the 
first three types. 

There is no difficulty in determining 
whether or not an invention comes under 
the classification of “machine,” but there 
has frequently been considerable ques- 
tion as to what constitutes a “manutac- 
ture.” Broadly the courts have held that 
the term “manufacture” in patent law 
is a very comprehensive term, embracing 
whatever is made by the art or industry 
of man, including a machine and com- 
position of matter, but not a design or a 
living plant asexually produced. Yet the 
courts have made some decisions which 
may seem inconsistent to the layman. 

Thus, although the Supreme Court of 
the United States has said, “Manufacture 
is transformation—the fashioning of raw 
materials into a change of form for use.” 
not all decisions seem to have been in 
strict accord with that definition. 

For example, it has been held that an 
improved plan for constructing a jail was 
not patentable. Also, a patent for an 
apartment house so designed that beds 
would disappear into a recess was held 
to be void on the grounds that no _par- 
ticular form or construction of a room, or 
of a recess in a room, is patentable. Yet. 
in another case it was held that a part 
of a building is patentable as a manu- 
facture. The court said, in part: “To 
say that a roof falls within the domain 
of architecture is not to decide the ques- 
tion: for the question is not whether a 
roof construction is included in’ archi- 
tecture, which, of course, it is. but 
whether the roof section here in question 
constituent co- 
operating elements. a manufacture. We 
must not be misled by the factors of 
immobility. 


is. In view of its several 


size or The pyramids, by 
reason of their bulk and _ solidity, are 
none the less a manufacture, as dis- 


tinguished from a natural object.” 


In the same way it was held that a 
mausoleum would be a manufacture, be- 
cause the component parts are manu- 
factures and as the court said, “The sub- 
ject does not lose its nature from the 
mere fact of the bringing of the parts 
together in a complete whole.” 

In another case the court said that 
to treat the rind of an orange to prevent 
deterioration was not a manufacture. It 
held: “Addition of borax to the rind 
of natural fruit does not produce from 
the raw material an article for use which 
possesses a new or distinctive form, qual- 
ity or property. The added substance 
only protects the natural article against 
deterioration by inhibiting development 
of extraneous upon the rind. 
There is no change in the name, appear- 
ance, or general character of the fruit. 
It remains a fresh orange fit only for 
the same beneficial uses as theretofore.’ 


spores 


Scope of Design Patents 


The scope of design patents has been 
well defined by the court as follows: 
“The acts of Congress which authorize 
the grant of patents for designs were 
plainly intended to give encouragement 
to the decorative arts. They contemplate 
not so much utility as appearance, and 
that, not an abstract impression or pic- 
ture, but an aspect given to those objects 
mentioned in the acts. 
original 


It is a new and 
design for a manufacture, 
whether of metal or other material; a 
new and original 
statue, 


design for a_ bust, 
base relief, or composition in 
alto- or basso-relievo: a new or original 
ornament to be placed 
upon any article of manufacture; a new 


impression or 


and original design for the printing of 
woolen, silk, cotton, or other fabrics: a 
new and useful pattern. print or picture, 
to be either worked into, or on, any 
article of manufacture; or a new and 
original shape or configuration of any 
article of manufacture—it is one or all 
of these that the law has in view. And 
the thing invented or produced for which 
a patent is given, is that which gives a 
peculiar or distinctive appearance to the 
manufacture, or article to which it may 


be applied, or to which it gives torn 
The law manifestly contemplates that 
giving certain new and original appear- 
manufactured article may 
enhance its salable value, may enlarge 
the demand for it, and may be a meri- 
torious service to the public.” 


ances to a 


Let us now consider the qualities of 
an invention that make it patentable. | 
shall pass over the necessity of its being 
new because that requirement is well 
understood. 


I. Utility. The American conviction 
that usefulness is the best test of any 
idea is reflected in the fact that utility 
is in effect the cornerstone of patentable 
invention. 

A very small utility is 
needed. The invention need not even be 
so perfect that it is commercial. But if 
it is intended for a useful purpose and 
can accomplish _ that 


degree of 


purpose even 
crudely, it is invention. The law con- 
templates that the disclosure will be so 
complete that the application of ordi- 
nary engineering and mechanical skill 
will make the invention commercial. If 
that is observed in the application it is 
not necessary that the invention mark a 
revolutionary step forward in usefulness. 

In a case between the Crown Cork 
and Seal Company and the Aluminum 
Stopper Company the Court made this 
point: “Utility being one of the quali- 
ties necessary to patentability, the grant- 
ing of the patent is prima facie evidence 
of it; and this is not negatived by the 
fact that the device is susceptible of im- 
provement, or that like inventions are so 
far superior to it that they may entirely 
supersede the use of it.” 

Again: “Though the double brakes 
used before the Tanner brake was in- 
vented may have been much less perfect 
than it, and may have been superseded 
by it and by other improved forms of 
brake, nevertheless they were actually 
used and to some good purpose. Their 
construction and use, though with 
limited success, were sufficient to contra- 
vene the pretension of Thompson and 
Bachelder that they were pioneers in this 
department of invention.” 

2. Comparative utility. [mpro\: 
ments in the utility of an invention are. 
broadly speaking, patentable, althou h 
the question is often a difficult one. ‘Ihe 
courts have ruled on this subject as 
follows: 

“. ..a change in an old machine n 4y 
consist of a new and useful combinat »1 


—) 
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ff the several parts of which the old 
machine is composed, or it may consist 
if a material alteration or modification 
of one or more of the several devices 
which entered into its construction. and 
whether it be the one or the other. if the 
change of construction and operation ac- 
tually adapts the machine to a new and 
valuable use not 
it actually 


known before. and 
produces a new and_ use- 
ful result. then a patent may be granted 
for the upheld 
as a patentable improvement . . . the 
require that it should 
he of such general utility as to supersede 
all other inventions in 


same. and it will be 
law does not 


practice to ac- 
complish the same object.” 


3. Co-action of elements. If several 
old elements are so put together that in 
combination they give a different result. 
or greater result than the mere sum of 
their effects taken separately. there is 
patentable invention. Likewise it is 
patentable if an old result is secured 
from a combination of new parts. Very 
often new results are secured when me- 
chanical and electrical parts are put into 
new relationships to each other through 
the modification of action on one by 
another. 

Usually the mechanic thinks in terms 
of adding to the sum of results in pro- 
portion to the number of parts he adds. 
while the inventor looks to the co-action 
of the parts one upon another to give a 
result from what 
would be secured by the mere addition. 

The co-action of parts is closely tied 
up with the question of 


greater or different 


combinations 
which I 
in detail in an article which appeared 
in the July 1937 issue of Product Engi- 
neering. The test boils down to this: To 
be patentable all of the elements. new or 
old, must so enter into the 
each qualifies every other. 


versus aggregations discussed 


device that 
That makes 
the device a true combination which is 
patentable. 


{. Automaticity. To make a machine 
automatic or semi-automatic in operation 
is invention when it results. not merely 
in greater speed of production, but in 
doing the work better. This it usually 
does, as exemplified by such equipment 
machine tools. package-wrapping ma- 
chinery, shoe machinery and paper-mak- 
machinery. Because the automatic 
tures thus produce new results and 
ntimes open up new fields of manu- 
ure and merchandising. they are 
illy patentable. 
hus in the manufacture of tires the 
‘titution of semi-automatic machines 
held to be invention because it re- 
din a greater uniformity of product. 


~ Change of degree. Change of de- 
is patentable if it brings about a 
result or makes a success of a de- 
which formerly was not practical. 
‘ten is only a very slight change in 
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degree that accomplishes this. Yet it is 
necessary that the result be attributable 
to the true inventive faculty which sees 
and bridges a gap. that is, not merely 
the refinement of workmanship or de- 
sign which would be expected of the 
mechanic or engineer. 

In one important case the Supreme 
Court held: “The difference between the 
Kelly fence and the Glidden fence is not 
a radical one. but slight as it may seem 
to be. it was apparently this which made 
the barbed-wire fence a practical and 
... Under such cir- 
have not 


commercial success. 
been re- 
luctant to sustain a patent to the man 
who has taken the final step which has 
turned a failure into a success. In the 
law of patents it is the last step that 
wins. 


cumstances courts 


It may be strange that. consider- 
ing the important results obtained by 
Kelly in his patent. it did not occur to 
him to substitute a coiled wire in place 
of the diamond shape prong, but evi- 
dently it did not; and to the man to 
whom it did ought not to be denied the 
quality of inventor.” 


G. Mode of operation. | is patent- 
able invention to so modify the opera- 
tion of an existing machine as to produce 
a useful and new or unexpected result. 
Thus to change the speed, temperature. 
pressure or other conditions of opera- 
tion of a machine or group of machines 
is patentable provided the 
greatly improved or changed. 

The greatest application of this prin- 
ciple is in the design of equipment for 
practicing processes. 


product is 


Frequently in such 
cases it is not possible to patent the 
equipment itself, but only the process. 
Yet this is a subject of great importance 
to those who are engaged in the design 
of industrial equipment. 
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7. Simplicity no bar to invention. 
First attempts at designing a new device 
usually result in something highly com- 
plicated. sometimes so complicated that 
like Langley’s flying machine, it will not 
work at all. Yet to many people the con- 
triving of a mechanism 
On the 
other hand a brand new device that is 
simple in the extreme is looked down 


complicated 
seems to be proof of invention. 


upon as being too obvious to constitute 
invention, 


Fortunately, the law does not take that 
view of the matter. It recognizes that in 
invention the mind naturally progresses 
from the complex to the simple, there- 
fore the simpler the device the more apt 
it is to constitute patentable invention, 
provided, of course, that it meets the 
tests of novelty and utility. In one case 
the court stated its position thus: “The 
Kirk invention is undoubtedly a_ very 
simple one, and it may seem strange that 
a similar method of relieving the pres- 
sure had never occurred to the builder 
of bear-trap dams before; but the fact 
is that it did not, and that it was not one 
of those improvements upon 
what had gone before which would sug- 
gest itself to an ordinary workman, or 
fall within the definition of mere me- 
chanical skill. It was, in fact, the appli- 


obvious 


cation of an old device to meet a novel 
exigency and to subserve a new purpose. 
That it is a 
scarcely be doubted.” 


useful improvement can 


Again: “The apparent 


a new device often 


simplicity of 
leads an inexperi- 
enced person to think that it would have 
occurred to anyone familiar with the sub- 
ject: but the decisive answer is that with 
dozens, and perhaps hundreds, of others 
laboring in the same field, it had never 
occurred to anyone before.” 


Current Quotations 


“lam not proposing basic research as an immediate remedy for present 


unemployment. 


coveries are not made over night but they will continue to be 


I am trying to eliminate another depression. 


Basic dis 


made as 


they have been in the past, if facilities and support are provided for 


fundamental research. 


We should marshall our scientific forces just 


as 


vigorously and completely to combat this economic situation as we would 


marshall them if a foreign enemy were on our shores. It is not 
to be waged in government laboratories alone. 
effort of all the physicists and chemists in the country. 
must always be kept clearly in mind. 


and economic stagnation and our 
coveries which will lead to new 


a wal 
It needs the coordinated 
But its objective 
It is a fight against unemployment 


victorious weapons will be new dis 
industries. —-Dr. 


LyMAN J. Briceés, 


Director of the National Bureau of Standards, from an address before the 


Second Forum of 


“The airplane was fast because it was the product of over 200,000 engi 


4merican Engineering Council. 


- 


neering hours. Young men trained mostly at the California Institute of 
Technology. working in a factory in California, put in 200,000 hours of 


concentrated thought to develop that machine.” 


Howarp Hucues, speak 


ing over NBC network on completion of his ‘round-the-world flight. 











INDUCTION MOTORS 


For Frequent Starting and Rapid Reversal 


T. C. LLOYD, Robbins & Myers, Inc. 
W. A. THOMAS, Iowa State College 


Part II. Application of the procedure developed in Part I with 


methods for determining rotor losses during acceleration and 


reversal also for evaluating inertia by calculation or by test 


HILE 


lems 


DISCUSSING the prob- 
introduced by motor re- 
versal in Part I of this article, 
which apeared in the January number, 
attention was called to the practice of 
“plugging” to bring about rapid de- 
celeration, an instant of standstill, and 
immediate acceleration in the opposite 
direction. The factors involved in this 
operation will now be treated in 
greater detail. 
When two of the input leads of a 
three-phase reversed, the 


becomes “A 


motor are 
motor slip immediately 
assuming the load slip is negligibly 
small. The motor then slows down to a 
slip of 1, that is, standstill. 

At the instant of plugging, a “plugged 
torque” is developed which will be 
designated as P.T. At standstill a start- 
ing torque is effective. which will be 
designated as S.T. It has been suggested 


interval can be found from 


ee , P.T.+S.T. 
tp= 0.0523 J X (Syn. r.p.m. & T.XS r) 


9 


plugging 


Plugging torque, as a function of 
starting torque, can be read from Fig. 5. 
in which plugging torque equals K 
times the starting torque. 

If the time is 
terms of starting torque: 


‘, 0.0523 JX (Syn. r.p.m. | K. 10 


desired entirely in 


ee i 
K, can be read from Fig. 6. 


If the time is desired in terms of 


maximum torque (P.O.T.): 


tp os FD Syn. 7 p.m K K, 
, P.O. 


11 


0.01487 x (Syn. r.p.m.) JX es 
iis | 87 x " r.p.m | (K;) 
“Tt 


(12) 
K, can be read from Fig. 8. 


The entire time required for a com- 
plete reversal from one speed, through 
zero (by plugging) to acceleration in 
the reverse direction, is the sum of 
plugging and accelerating times. 

Mention was also made in Part I of 
this article, that the energy lost in the 
rotor cage or winding during accelera- 
tion is exactly equal to the energy stored 
in the parts accelerated. Thus as a direct 
approach in determining the loss in the 
rotor during acceleration, assume that J 
represents the inertia as 
previously used, and w is the angular 


moment of 


velocity in radians per second: 
1/2) (Jw?) (13 


Multiplied by 1.356 this is converted 


Kinetic energy in ft. lbs. 


rotor 
copper loss. Or in most convenient terms, 
watt-seconds loss W, 


to watt-seconds and_ represents 
in the rotor start 
ing from any slip S to a final slip of 
Ss is 


W,= (0.00744 J) (Syn. r.p.m.)* [S?—(S’)?] 








by Norman that the harmonic mean of K, can be read from Fig. 7. 14) 
the two be used as the effective torque or. starting from rest: 
during the interval from plugging to If the time is desired in terms of ma- W.= (0.00744 J) (Syn. r.p.m.? 11—-(8’)3] 
standstill. Then the time in sec. for this chine constants: 15 
K, * Starting Torque = Plugging Torque 0.25 
ncatiit.. Sse. i i. atv 
| 
+ 4 
Y% 
rx 
0.8 
1.0 
$ 
12° 

















0.6 08 1.0 1.2 


ry 
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Fig. 5 


Fig. 6 








Values of the coefficient K 
to determine plugging time in terms of starting torque 


Ratio of plugging torque to starting torque is expresse 
as K., in these curves 


for various values of r,/x and r 


for use in Equation 10 ¢ 
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Fig. 7—Values of the coefficient K, for use in Equation 11 to 
determine plugging time in terms of maximum or pull-out torque 


Fig. 8 


\ polyphase induction motor is, in a 
sense, a transformer. Any rotor current 
is balanced by an equal stator current 
in equivalent terms. For this reason, 
energy dissipated as heat in the rotor 
will cause an equal loss in the stator if 
the rotor and stator resistances are equal. 
Or, in general: 

Copper loss in the stator af 16 

Copper loss in the rotor K, 12 

rhe presence of an extra current com- 
ponent in the stator, required for mag- 
netizing, upsets the ideal ratio and is 
considered by K,, the flux factor. 

(he total copper losses, stator and 
rotor, with the motor accelerating from 
standstill to a final slip of S’ are then, in 


m dy 
K, 1 


Sin. r.p.m.)*[1— (S")?] (17) 


watt seconds: 


V.= (0.00744 J){ 1-4 


quation (17) is very significant in 
siiowing what can be done or can not be 

in attempting to cool a motor which 
- hot on frequent starting duty. Re- 
xn with reduced stator winding re- 
si-'ance is mildly helpful. A reduction in 
nertia of the moving parts is useful 
ean be made. Usually this is outside 


ie control of the motor designer. 
\\ 


re the rotor inertia is an appreciable 

of the total load inertia, the use of 
weight rotors of small diameter is 
1 it assistance. 
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Values of the coefficient of K; for use in Equation 12 to 
determine plugging time in terms of machine constants 
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For K,=#Q90 
Far other values muttiply by 











The losses in the stator during the 
plugging interval from full speed reverse 
to standstill, can be obtained by the use 
of an average stator current during this 
period. Thus for n phases: 


Stator W, =n (4: = ) ryt 18 


where /,, the current at the instant of 
plugging. This can be read from Fig. 5 
as a function of starting current. 

het the starting current. This can be 

calculated by any of a variety of 
methods. 

tp the seconds required for plug 

ging. See Equation (9) 

Then as a final expression for watt 
seconds, stator and rotor, with the motor 
plugged through standstill to final slip 
of S’ in the oposite direction: 


W, 0.00744 J syn. r.p.m 


n (4 J ) rt; 19 


The method of procedure in applying 

the analysis and equations developed in 
practice will be illustrated by an ex 
ample. 
ExampLe I, Part (A). A 2 hp.. 60 
cycle, 4 pole, 3 phase motor designed for 
220 volts and 
1.800 r.p.m. displays the following con 
stants: 


a synchronous speed of 


r 1.49 (hot K,=0.944 

: 1.075 (hot Iron losses= 105 watts 
A=30 Friction =69 watts 
X,)=66.0 J (motor and load) 


0.30 
16.9 Ibs. ft. 
9.7 lbs. ft 
1.95 hp., Input at this load 


Maximum torque 
Starting torque 
Machine load 
1,800 watts. 
Temperature rise of stator core with this 
load = 21 deg. C. 

Slip at load of 1.95 hp 0.039 (test). 
No load watts input 190 
Check slip by equation given 

P 1.95> 746 +69 


> 
” 


or 510 watts 


1.075 


SI 
'P™ (1272510) —2X1.49—1 .075 


or 0.039 
Find the time required to accelerate 
this motor to a final slip of 0.039. 


1/z 0.393 r:/ X 0.2875 

Refer to curves of Fig. 2. K,’ 4.17 
for slip of 0.03, K,’ 3.94 for slip of 
0.05, K,’ 4.06 for slip of 0.039, K,’ 
3.96 when corrected for K, of 0.944. 


Time in seconds: 


t,= (0.01487 E om mt os “| K, 
3% 1,800? 3 
0.01487 (° ao re *) 3 96 


4.53 
To consider the effect of friction 
assume that the entire motor load of 1.95 
hp. is a friction load; this being the 


power required at 1,730 r.p.m. 








' ' ‘ulated: j ; r accelerati 967 se 
Accelerate Full Speed yPlugged | Accelerate | Full Speed culated; time for acceleration, 0.267 se 


r; (cold 1.32 
re’ (eold hizo ae 
r2 (eold LIZ 


| Reverse from oscillogram, 0.27 as calculated 
and time of plugging, 0.24 from oscillo , 
| Standstil/ | gram, 0.24 as calculated. 

Wie | | 
l| Ming LZ | EXAMPLE 1, PART (C). Following th 
hometer Outp | Vs | same data used in Parts 4 and B, th 

ni, watt-seconds loss during these periods 
will be determined. 
Starting current: 
| 
| 


RARAARAARD RAs 
vrvrr | 





The factor 1.25 is used to account for . 
Mot TO skin effect. , 
j Tor _— 
= Total R ritre 2.44 X 3.8 


Fig. 9 
(test data shown in Table I). 





Typical oscillograph record used for checking analyses of 1% hp. motor 
Upper curve is the output from an electric 


tachometer. Lower curve shows current variation during the cycle of operation 


a watts 
7.04 > 
r.p.m. 


Friction torque 5.9 Ibs. ft. 


1,800 \ °° 
ts £59 
“ (735) 


/ 


212 2x1.075\ 
i = 22 
, (ie) ( 1944 ) ; 


7.04 X 127 1.074 x 3 


6.25 Ibs. ft. 


A 203 
1.800 
6.25 < 1.22 _ 
Pe ee 0.0375 
203 


The log of a number to the base e 
(2.302 ) 
Then from Equation (8): 


(0) 014870.3X 1,800? _ 
1 075 


(log base 10) 


12773 


>) 
( ) <6.5+2 1.49 (1—0.039 
1 944 
2.21+10.44 \ , nag 
1 075% 1.944 ia 


4.88 seconds 


EXAMPLE I, Parr (B). 
tion in the same example the time re- 


Neglecting fric- 


quired from the instant of plugging until 
the motor speed comes to zero will be 
calculated. 

To determine the torque at the instant 
of plugging: 

K, from Fig. 5 is 0.564. Since the 
starting torque is known to be 9.7 Ibs. 
i. P.2. 0.564 9.0 or 5.47 Ibs. it. 

From Equation (9): 


x 1,800 K15.17 ~— en 


0.0523 K0. 
y 
Or, by Equation (10): 
K, as read from Fig. 6 is 2.78; then 
tp 8.12 sec. 
Or, by Equation (11): 
K, as read from Fig. 7 is 5.15; then 
tp 8.18 sec. 


In this example 8.14 seconds can be 


used as average. 


TABLE I COMPARISONS OF 
TEST DATA AND CALCULA- 
TIONS FOR 1. HP. MOTOR 





1s Calculated 
0.243 sec 
0.270 sec 


Conditions From Test 
0.234 sec. 


0.207 see 


Acceleration 
Acceleration 


0.200 see. 


~ 


Eq. (9) 0.216 sec. 
Eq. (10) 0.250 sec. 
Kq. 11) 0.235 see 
Kq. (12) 0.226 sec 


Plugging 


~~ 


0.240 sec. Eq. (9) 0.240 sec. 
Eq. (10) 0.277 sec 
Eq. (11) 0.260 sec. 


Eq. (12) 0.251 sec 


>| : 
Plugging 





As calculated here, the use of all three 
of these equations represents needless 
repetition. Under other conditions, it may 
be convenient to obtain a time of plug- 
hence the differ- 
ent methods are given. Note that the 
friction effect 
plugging interval; if considered it would 


ging in various terms: 
is neglected during the 


decrease the time very slightly but would 
greatly increase the complexity of the 
solution. 

(pplication of these formulas and sets 
of curves, both for acceleration and plug- 
ging. have been investigated by tests 
using the oscillograph to obtain accurate 
measurements of time. Typical results of 
tests are shown in Table I on a % hp. 
rated motor. 

The test data in Table I were obtained 
from the oscillograph record shown in 
Fig. 9 in which the upper curve is the 
output from an electric tachometer, used 
to show change in speed and direction of 
rotation. The lower curve shows current 
variation during the cycle of operation. 
results indicated: 


The following were 


Current at instant of plugging, 19.7 
amp. from oscillogram, 19.8 amp. as cal- 
culated; current at instant of starting. 


17.8 amp. from oscillogram, 17.4 as cal- 


Z= VR?+X?=451 

Ise = 127/4.51 = 28.1 amp. 

Plugging current: 

Ke from Fig. 5 is 0.563 
I, Ist)? X2X K2 = 890 amp. 

This identifies the remainder of the 
terms which were needed for Equation 
(19). A watt-second loss of 69,300 is in 
dicated after substitutions are made _ in 
this equation. 

The operating conditions for this 
motor called for the following cycles 
(1) Accelerate a friction load of 1.95 
hp., (2) run for 130 sec. under load. 
(3) plugged; run in the reverse direc 
tion at no-load for 60 sec., (4) repeat. 
The problem is to determine the prob 
able temperature rise of this motor. 

Losses during load run of 1.95 hp.: 

1.95 hp. = 1,450 watts 
Losses Input — output 

(1,800) (1,450) 
350 watts 130 sec. 


350 watts 
15.500 watt 
sec. 
Losses during the idle period: 
190 watts input idle 
190 watts x 60° sec. 


losses 
11.400 watt 
oe 


Total watt-sec.: 


Plug and accelerate... . 69,300 
Ce. oo. 15.500 
No-load run........... 11.400 


Total during one cycle 126.200 


Total time for one evele: 


Plugging ee 8.14 sec 
Start with load... 1.88 sec 


.. 130.00 se 
60.00 sec 


oe) 
idle TUM... ....s<0. 
903.02 sec 


Total time one cycle 


126.200 


Average watts loss 622 


203.02 


A full load loss of 350 watts gave 
temperature rise of 21 deg. C. from tes 
Then by proportion, the predicted ten 


perature rise on this duty cycle would | 


622 


2 veg 
ar) 21 deg. ¢ 


. or 37.5 deg. C. 
It is quite obvious that some refi! 
ments could be made in the method 


predicting temperature rise as us 
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TABLE II—TESTS MADE WITH 


INERTIA 


VARIOUS MECHANICAL AND 


LOADS 





Duty 
t reversals per min 
| reversal every 6.5 sec 


2 reversals every 23.5 sec... 


17.5 deg. C. rise 
28.5 deg. C. rise 
18.8 deg. C. rise 


{4s Calculated 
19.0 deg. C. rise 
28.8 deg. C. rise 
19.5 deg. C. rise 


From Test 





above, and in the further treatment of 
the iron losses during transient periods. 
Investigation has been made of the use 
of logarithmic heating and_ cooling 
curves during the varying load condi- 
tions, but this refinement makes little 
difference in the final results. Experi- 
mental verifications of the method have 
been made with typical results as con- 
trasted in Table II representing various 
conditions of J and load. 

In dealing with rotors, gear wheels, 
drums, shafts, or other machine elements 
which in section are uniform disks, the 
radius of gyration R is 0.707 times the 
actual radius in feet. And the polar 
mass movement of inertia 


W R? 
32.16 
When belts or gear trains are used 
and parts revolve at different speeds the 
J for each part should be brought to a 
common speed base, preferably that of 
the motor. This is done as follows: 


r.p.m. of part 
r.p.m. of rotor 


(20 


J (final J of part 


The mass moment of inertia of rings 
with an outer radius of R, and an inner 
radius of R. is calculated from W R* thus: 

W.=Weight of the ring material in lb. per 
cu. ft. 

l=axial length of the ring in ft. 
rlW. 
> 


WR Rit=— Es 21 


When the machine elements include 
parts subject to linear motion: 

W=total weight of part moving linearly 

Vel.=velocity of W in ft. per sec. 

p.m. speed of rotor 


J W } 30 Vel 29 
32.16 7 Xr.p.m. 


The presence of a number of complex 
tating or oscillating elements, naturally 
mplicates the problem of calculating 
net inertia effects. As a useful ap- 
ach to the determination of J several 
perimental methods are suggested. 
\ cord is wrapped around a machine 
ft or pulley of radius H feet and a 
wn weight W, is attached to the cord. 
weight should be great enough so 
to cause all of the moving parts of 
machine to operate when the weight 
eleased. Measure the time required 
the weight to fall through any dis- 
e. Designate this time as f¢, sec. 
eat using another weight W, measur- 
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Fig. 10--Method of swinging an irregular 


disk about a point “x” to determine 
radius of gyration R of the disk 


ing the time required to fall through 
the same distance, and designate this 
time as t.. Then: 


W, W» H? (t?—t:' 
W2 t2?—W, t,? 


WR (23 


Extensive checks indicate agreement 
within 2 per cent between calculations 
by this method and test results. 

The actual speed of rotation brought 
about by the falling weight is not im- 
portant. However. if the shaft or drum 
on which the cord was wound, normally 
operates at a speed differing from that 
of the rotor. corrections as indicated by 
Equation (20) should be made. 

In dealing with a single disk of irregu 
lar shape. such as a heavy fan or a 
hubbed wheel with spokes, the following 
experimental method is suggested to help 


EXAMPLE Il—FIND EFFECTIVE 


~] 


in determining the radius of gyration. 
The disk is suspended by the rim as 
shown in Fig. 10 so that it is free to 
oscillate about the point or line “X”. The 
point “X” is r feet from the center about 
which the disk normally rotates. Meas- 
ure the time required for one complete 
swing of the mass (forward and back to 
starting point); this is t. Then the radius 
of gyration in feet is: 
t gr 
pee 


- 


R - (24) 


where g = 32.16 
Considerable emphasis has been 
placed in this presentation upon those 
load cycles involving plugging and 
starting. This emphasis is understand- 
able on the basis of the technical diffi- 
culties involved and the deleterious heat- 
ing effects of such operation. The ex- 
ample is significant and typical, indicat- 
ing as it does that as much heat is gen- 
erated in about 13 sec. of one complete 
reversal as occurs in over 3 min. of nor- 
mal full load operation. It will be noted 
too that the formulas given are applic- 
able to quantitative solution of elevator 
motor problems as well as those involv- 
ing flywheel machines in which motor 
load is smoothed out by causing a fly- 
wheel to give up stored energy when its 
speed reduces. 

When load cycles involve no reversal 
nor frequent starting of the motor, the 
effective heating of variable load can be 
calculated on the assumption that losses 
vary as the square of the horsepower 
output. This is approximately true. Con- 
sider Example Il (which is presented 
here in the form of a table to save space ) 
to illustrate the method. 

Some advantage in reduced frame size 
and cost is gained by the use of inter- 
mittent ratings. Mountings and degree of 
inclosure are important, but little defi 
nite information can be given in these 
items. The application determines 
whether a completely open ventilated 
motor can be used, or whether drip-proof, 
or totally-enclosed fan-cooled construc 
tion is required. The former naturally 
simplifies the electrical designer’s prob- 
lem, particularly on those built-in appli- 


cations in which motor space is limited. 


HORSEPOWER FOR WORK CYCLE 





Operation Time (sec 
1 99 
b 60 
c 14 
d 35 
Sum 131 
/ . 
} total (hp < time 


Effective hp \ 


total time 


Hp Hp Hp2 X time 

9 198 
529 31,700 
100 1.400 
324 11,340 


114,638 


It should be remembered that, should the maximum horsepower actually required by 
the machine exceed the value obtained by this method, the larger size should prevail. 
Hence although these calculations indicate that the average heating might be equivalent 
to an 18.5 hp. load. nothing smaller than a 20 hp. motor would be advisable, the slight 
overload for one minute could readily be accommodated. 














FRICTION CLUTCHES 


Types of automotive clutches showing how cones, single and multiple 


disks and centrifugally driven shoes are used as mechanism elements 
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HERBERT CHASE 


Fic. 1—Reversed cone clutch which moved toward engine to 
disengage the friction surface. on Thames car, employed a single 
central spring. Ball thrust bearings were used to take throw-out 
pressure. Leather friction material at that time had low coefh- 
cient of friction and was adversely affected by any considerable 
temperature rise, hence a relatively-large surface and heavy 
pressure was used to transmit relatively-small power outputs. 


Fic. 2—-Hele-Shaw clutch of multiple-disk type in which the 
disks were formed with a V-shape groove near their outer 
diameter. With this design sufficient torque capacity was 
obtained by nesting adjacent disks thus producing a wedging 
action with metal-to-metal contact at the V-grooves. Disks 
required accurate forming and were subject to distortion if 
overheated. Dragging was also difficult to prevent. A_ single 
axially-disposed spring provided engagement pressure. 


Fic. 3--Hudson multiple-disk clutch fitted into a recess cast in 
the flywheel and was closed by a plate cover. Pressure was 
maintained by a single helical spring housed in a recess in 
end of crankshaft. Driving torque was applied to the disks 
by pins bolted to the flywheel and throw-out pressure was taken 
by a ball type thrust bearing. 


Fic. 4—Development of friction facings capable of withstanding 
rather high temperatures without serious injury or change in 
friction coefhicient made the single-plate clutch feasible. In the 
clutch shown, pressure of the engaging spring was applied 
through a set of levers, which were pivoted on a cover plate 
bolted to the flywheel, to a plate which forced the friction 
facings on the driven disk against the flywheel. The disk was 
splined to the clutch shaft. 


Fic. 5--This single-plate clutch used in the Willys Six had 
direct-acting springs spaced around the pressure plate with 
short disengaging levers hooked into the plate in such a way 
that the latter was positively withdrawn when the clutch was 
disengaged. The driven plate was a light stamping to which 
the friction facings were riveted; its hub was splined to th 
cluteh shaft. 


Fic. 6--Known as the “Talbot Traffic” type, this clutch is o! 
the centrifugal form with two shoes pivoted to the outer race 
of a central “reverse” free-wheel device, this race being th: 
driving member bolted to flywheel. The driven) membe1 
splined to the transmission shaft. is the inner member of the 
free-wheeling element. Shoes are described as having a “trail 
ing non-servo action” tending to prevent grab. Pivoted link 
with compression springs form the connecting members betwee 
the toe of one shoe and the heel of the other. the center of th 
links being pivoted to an annulus member capable of. slig! 
turning motion about the outer race of the free wheel. Und: 
centrifugal foree, shoes turn about their pivots until sprin 
pressure is overcome, allowing shoes to contact and drive th 
drum. Only when the inner race tends to move clockwise 
relation to the outer race is the drive transmitted. 
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News 


Practical Use for 
Research Development 


Glare from reflected light is claimed 
to be removed by a new process devel- 
oped by Dr. Katharine R. Blodgett in 
General laboratory. 
By applying thin chemical films to the 
surface of glass, Dr. Blodgett has been 


Electric’s research 


able to neutralize rebounding light rays 
with the result that pictures framed with 
glass so treated appear as though there 
was no glass at all, regardless of the 
angle of view. The same is true with 
clock 
dows, or any place where glare is caused 
by light reflections. 


faces, show cases, display win- 


With the refractive index of any type 
glass known, the process consists of 
attaching to the glass a very thin trans- 
parent film of about four millionths in., 
or exactly one-quarter wave length of 
light, in thickness. As light falls upon 
the film, rays are reflected from both the 
upper and lower surfaces. With the film 
exactly one quarter wave length in thick- 
ness, those rays coming from the outer 
or upper surface are equal in intensity 
ind opposite in phase to those rays re- 
flected from the lower 
counteracting one another and reflecting 
no light. 


surface, thus 


The glass is treated by dipping into a 
tank of liquid, on the surface of which 
is a film of insoluble soap one molecule 
thick. As the glass is pushed down, one 
layer of the film becomes attached, and 
as it is pulled up another is applied. 
Each immersion adds two layers of the 
fiim, each layer one molecule thick. The 
dippings are continued until 44 layers 
form a thickness of one quarter wave 
length, or about four millionths of an 
in. The exact thickness of the film can 
be measured at any time by an optical 
process. 

The non-glare treatment of — glass 
promises to have a widespread applica- 
tion in the field of camera, telescope and 
all other type lenses, since reflection 
from the surface of any lens causes 
from four to five per cent loss in trans- 
mitted light. Since this is true of both 
front and back surfaces, the light loss is 
approximately eight per cent in each 
lens; and in some cameras with three 
or four lenses, the light loss may reach 
25 to 35 per cent. With telescopes and 
submarine periscopes, where a_ larger 
number of lenses and prisms are used, 


the light loss is still greater; in some 
periscopes it is as much as 75 per cent. 
By actual test in the laboratory, a piece 
of treated glass transmitted 99.2 per cent 


of light. 


Vew Institute of 
Electrochemist ry 


Inaugurated in September, 1938, The 
Institute of Electrochemistry and Metal- 
lurgy, located at 59-61 East Fourth 
Street, New York City, has as its primary 
objective the dissemination of knowl. 
edge in the field of electroplating. The 
school, a non-profit educational organ- 
ization, has been formed to give the 
practical men of the industry scientific 
instruction regardless of their academic 
rating and to aid the metallurgical in- 
dustries by helping to solve problems 
arising in their shops. Dr. C. B. F. Young 
has been elected president and is giving 
the lectures in all courses. He is assisted 


by Mr. Walter Klinsevich and Mr. Louis 








Sherman. The school has been approved 
by the New York State Educational De 
partment. 

Courses are altered from time to time 
to keep abreast of new developments 
The following studies will be offered 
during the spring term: Electroplating 
Il; Metallurgy Il; Research IL. Further 
information can be obtained by writing 
to the school. 


Navy to X-ray 
Vital Ship Parts 


The United States Navy has adopted 
semi-portable X-ray equipment, built at 
the Westinghouse Long Island City 
Works, to inspect vital mechanical parts 
before ships leave the airports or the 
ways. 

Important feature of the new unit is 
that, although it weighs three-quarters of 
a ton, it can be loaded aboard ship and 
moved about as easily on its balloon 
tires as a baby’s perambulator. It is 
three feet wide by five 
feet long over all, with a ten-foot tube 
stand. Delicately balanced by 
weights, the tube-head can be 
lated with the ease of a garden hose 


approximately 


counter 
manipu 


nozzle. 

The unit’s power ratings with a full 
or half-wave pulsating supply are 25 
milliamp. at 200 kve. cyeles and 20 


milliamp. at 220 kve.: with a constant 








New steam-electric locomotive just completed by General Electric for Union 
Pacific contains turbine-electric equipment which makes it a steam-electric 
power house on wheels, and distinguishes it as the first locomotive of its type 
in the world. It is claimed that this locomotive can travel three times as far 
without stopping for fuel or water. Fuel costs will be considerably less than 
that of the diesel-electric tvpe locomotive 
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otential supply the rating is 18 milli- 
mp. at 200 kve. An oil cooling system, 
hock-proof cables and surge resistors 
ire safety features. 


Multi - Voiced 
{mplifying System 


Capable of delivering 150 different 
lescriptive talks at the same time, a new 
vice system developed by Electrical Re- 
search Products, Incorporated, will be 
synchronized to 300 chairs, mounted on 
: continuous moving escalator and each 
iccommodating two spectators, as they 
tour the 30,000 square foot scale-model 
“Highways and Horizons” panorama 
General Motors at the 
World’s Fair. By means of the intricately 
designed instrument, each spectator will 
hear a personalized description of the 


presented by 


numerous vistas at the same time he is 
viewing the amplifier is 
‘onstructed on a steel drum, eight feet 


in diameter, rising twelve feet into the 


scenes. The 


air from the circular base which houses 
the motor. The drum revolves, carrying 
ribbon bands of sound film in front of 
light needles. Seven main structural sup- 
ports, which protect a multitude of small 
amplifiers, curve together over the top of 
the vertical drum to steady the shaft. 


lutomatic Equipment 
Increases Oil Yield 


15.000.000 pounds in 
the South’s annual production of cotton- 


\n increase of 


seed oil is made possible by the new au- 
tomatically-controlled processing equip- 
ment, developed in the laboratories of 
the University of Tennessee in coopera- 
tion with the Tennessee Valley Authority. 

The new developments consist of an 
oil seeds cooker employing high tempera- 
tures under steam pressure for process- 
ing cottonseed and similar oleaginous 
a seed conditioner or humidi- 
fier for delinted seed of abnormal dry- 
ness: and a hydraulic plate press with 
enlarged drainage 


materials: 


capacity. In tests 
made over a period of two years, cost of 
power and fuel for the production of 


Cot 


onseed oil were reduced by 25 per 
ce In addition, there were important 
sav ngs on the wear and tear of the press 
clots, made of human hair, in which 
the cottonseed is wrapped while in the 
pre 

cause of better control conditions 
ove cooking, it has been possible to ob- 
taiy at least 10 pounds more oil per ton 
4.500.000 tons of 
seed are processed annually, this 
ved oil yield would result in an in- 
d supply of domestically produced 
0 eed oil of 45,000,000 pounds if the 


ttonseed. Since 
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process and equipment are applied gen- 
erally in the existing cottonseed crushing 
plants. 

Cottonseed oil, taken from the seed 
kernel, is used in more than fifty prod- 
ucts ranging from phonographic records 
and automobile top dressing to salad oil, 
shortening, soap, and linoleum. Linters, 
the tiny tufts of cotton clinging to the 
seeds, are made into three dozen differ- 
ent products varying from guncotton and 
smokeless powder to absorbent cotton, 
cushions, horse collars. and photographic 
films. Cottonseed cake or meal, the resi- 
due after the oil is removed. is processed 
into food for animals. flour. and dye- 
stuffs, while the hulls become feed, fer- 
tilizer. fuel, and 
utensils. 


paper, household 





The largest steam drop hammer ever built 
will be used in the forming of airplane 
engine crankcases and airplane propellers 
for British aircraft of all types. Built by the 
Erie Foundry Company, the hammer will 
be 27 ft. in height. Cylinder diameter is 
39 in., piston stroke is 72 in. and_ the 
piston rod diameter is I]'5 in. Space 
between the guides is 50 in. and the ram 
is 80 in. front to back 


Crushing Resistance 


of Enamels 


CCORDING to the Technical News 
LIX Bulletin of the National Bureau of 
Standards, October. 1938. atest for 
crushing resistance of enamels has re 


cently been studied at the Bureau by 
W. N. Harrison and L. Shartsis, and 
wide differences between different enam- 
els have been found. The test consists 
essentially of rolling a small ball bear- 
ing, under various known loads, on the 
surface of the enamel and observing the 
load required to gouge out a path in the 
enamel. The problem of obtaining iden- 
tical gouging tools and maintaining 
them in a given shape is obviated by the 
use of a ball bearing, which may be re- 
placed as often as necessary. The difh- 
culty in determining the end point or 
load at which gouging occurs is also 
reduced by the use of a ball bearing, 
since its path in the enamel has been 
found to be sufficiently broad to be read- 
ily distinguished. 

As the loads are increased beyond the 
crushing point, greater percentages of 
the total path of the ball are gouged 
out. By arbitrarily establishing a given 
percentage as the end point, comparable 
results can be obtained. For close deter- 
mination of this percentage, a microm- 
eter microscope is used. 

By means of this test. definite differ- 
ences ip the crushing resistance of differ- 
ent areas on one four by six in. specimen 
were found. Also different enamels have 
required loads varying from less than 
twenty to more than 100 Ib. to cause 
crushing 


Do You Know That— 


\ Low-cost resistance welding process 
of an electronic type has recently been 
developed to replace soldering operations 


in the manufacture of radio sets, 
watches. small meters. and industrial 
control devices. (3) 


A New KINp of galvanized sheet metal 
with a special phosphate coating bonded 
with zine has been developed. The spe- 
cial surface of the sheet is said to give 
greater paint adherence and to insulate 
the paint from the drying-out effects of 
the zine. (4) 
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The curve traced out by a point on a 
circle rolling without slipping within an- 
other circle is termed a hypocycloid. In 
Fig. 1 the curves A, B. C. D were so 
traced by the arrow heads. By definition, 
then, all are cycloids though the curve 
D is a straight line, a diameter of the 
outer circle. 

Circles of which the diameter sum is 
equal to the diameter of the outer fixed 
circle generate like but obverse hypocy- 
cloids, from which it follows that when 
the two inner circles are alike not only 
are the hypocycloids alike but inevitably 
they must be straight lines. 

Upon this “straight-line” principle 
have been based many ingenious mechan- 
isms, particularly by designers in the tex- 
tile industries. The gear designer is well 
aware of the principle when he bases 
his systems of cycloidal-toothed gears on 
the smallest gear of the interchangeable 
set having its tooth flanks radial. a form 
which would result from rolling within 
its pitch circle a circle half its diameter. 

To the vast majority of engineers and 
designers the principle is not so well 
known or understood as its utility would 
merit. The following description of a 
method of transforming rotary or circu- 
lar motion into rectilinear motion by the 
principle may serve as a hint on other 


The Epicyelic Crank 


FRANCIS W. SHAW 


applications. particularly where — side 
pressure is undesirable. 

The slide 4 in Fig. 2 3s reciprocated 
by an eccentric pin forming part of the 
planet pinion B revolving within a fixed 
internal gear C. The planet is con- 
strained to revolve by reason of its con- 
nection to the driver crankshaft D. 

Fig. 3 explains the operation and sub- 




















Fig. 1 


circles of different diameters. When the 


Hypocycloids generated by rolling 


diameter of the rolling circle is half that 
of the fixed circle, the hypocyloid is a 
straight line, DD’ 
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Fig. 2 


The “straight-line” hypocycloid used in a mechanism with a slide free from 
side pressure and without flexible linkage 




















Fig. 3 As the planet pinion makes a 
complete revolution, the eccentric pin 
moves once to and fro along the diameter 
of the fixed internal gear. The displace- 
ment of the pin is the same as that of a 
crank with its axis coincident with that of 
the internal gear, and its throw eaual to 
the diameter of the internal gear 


stantiates the claim for freedom from all 
side stresses except the small stress 
caused by friction of the eccentric pin in 
the slide. As the diagram evidences. the 
eccentric pin definitely moves in a 
straight line to and fro along the indi 
cated diameter of the outer circle, which 
represents the internal gear of Fig. 2. 
and therefore if the slide be so located 
as to move in the same straight line th 
side stress must remain throughout thi 
movement in the line of the movement. 

Readers will note with interest that 
the rate of reciprocation is precisely that 
yielded by a single crank operating 
through a connecting rod of infinite 
length. or by a= crank pin operating 
through a sliding block moving trans- 
versely to the slide. Noteworthy, too, are 
the absence of any sliding elements 
except the slide itself, and the absence of 
friction under comparatively high sliding 
velocities and heavy loads. 


Lock Washer Application 
To the Editor: 

Have any of your readers ever uU od 
commercial lock washers under both ‘li 
head of the bolt and under the nut at he 
same time. and with what success? 

“i. LL. i 
Vilwaukee, Wo sc. 
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\luminum Alloy Joints 


lo the Editor: 

Regarding the discussion in the article 
“Aluminum Alloy Joints,” published in 
Product Engineering, December, 1938, 
page 472, there are points which might 
well be raised. In the first place, the au- 
thors make a considerable point of the 
fact that the ordinary allowable bearing 
values used in aircraft design will per- 
mit considerable permanent deformation 
of the rivet holes. This fact is probably 
recognized by all aircraft designers and 
is undoubtedly taken into account when 
necessary. The aircraft designer uses the 
ultimate bearing strength of the material 
in design in much the same manner that 
he uses the ultimate tensile strength in 
design. The margin of safety is provided 
by the conventional load factors. There 
is no intention that the material in a ship 
shall regularly be subjected to these high 
stresses. There is no more reason to re- 
duce the allowable bearing values to the 
point where permanent set will not be 
encountered than there is to reduce the 
allowable tensile values to some point 
below the yield of the material. In other 
words, the suggestions which the authors 
make with respect to reducing the allow- 
able bearing values are out of line with 
present aircraft design practice. 

The second point worthy of comment 
is the emphasis placed by the authors on 
the deformation which accompanies fail- 
ure in riveted joints. It seems evident 
from their discussion that their tests did 
not involve the conditions which exist in 
an actual riveted Evidently the 
plate material was free to distort later- 
ally at the edge of the hole instead of 
heing confined by rivet heads and adja- 


joint. 


cent plates as it is in actual practice. 
Several investigators have reported the 
wrinkling of thin sheets at high bearing 
pressures but we have not found this to 
be of any practical importance in cases 
Where such thin sheets are confined by 
adjacent sheets or by the rivet heads. 
-E. C. HARTMANN 

Research Engineer 

Aluminum Research Laboratories 


Noteh Impact Tests 
To the Editor: 


With reference to a possible factor for 


the conversion of keyhole and V-notch 
(} 


rpy impact results. we have made 
a considerable number of —com- 
parative keyhole and V-notch Charpy 
te in our laboratory, and from 
th esults obtained are forced to con- 
cl.ce that there is no constant or definite 
re! ‘ionship between the results yielded 
by ‘ie two methods of notching. This is 
d by the greater stress concentra- 
tio, induced by the more drastic V-notch 
in ‘he fact that the degree to which the 
Fe lary, 1939 


stress concentration effect influences the 
results is dependent upon many factors, 
including the material involved, the 
toughness level and the temperature. 

In the case of steels at medium and 
high levels of toughness, the V-notch 
values usually tend to be higher than the 
keyhole notch values by reason of the 
greater below the notch. How- 
ever, under conditions in which the stress 
concentration more im- 
portant the influence of the greater sec- 
tion below the notch may be overshad- 
owed, with the result that keyhole notch 
test pieces will show higher values. Such 
a condition may obtain in steels treated 
to high hardness levels. This is also a 


section 


factor becomes 


factor in the case of materials which lose 
toughness with decreasing temperature. 
\s the lowered the V- 
notch values decrease more rapidly than 
the keyhole notch values with the result 
that there is some low temperature, vary- 
ing with the steel and its heat-treatment, 
at which the two are about equal and 


temperature is 


below which the keyhole notch values are 
higher. As an example we may quote the 
following values obtained in our lJabora- 
tory on a pearlitic steel: 


Temp. Charpy Impact in it.-Ib. 


deg. F. V-notch Keyhole notch 
eric taieecieatieieiens 52 az 
TMD) S65 Sia ok-s 16 3] 

Pe Se eka 20 20 

| a or re 7 19 

| ee eee 15 20 

| rrr 8 17 


The impact values of different ferrous 
alloys at sub-zero temperatures are dis- 
cussed in the data sheet “Properties of 
Nickel Alloy Steels at Tempera- 
tures.” As explained in the section on 


Low 


stainless steels, the 14 per cent chromium 
steel has been investigated by Sergeson, 
Russell and by Welcker. —J. W. Sanps 
Development and Research Division 
The International Nickel Company 


Block Problem 
To the Editor: 


Here is a problem I would like your 
readers to solve with a step by step solu- 
tion. A block starts from rest at the top 
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of a sphere four feet in diameter and 
slides without friction to the point 
where it leaves the surface of the sphere. 
Locate this point, find also the equation 
of the path of the block after leaving the 
surface, and the distance from the sphere 
to the point where the block strikes the 
plane upon which the sphere is resting. 

E. O. SANDERS 

Kaukauna, Wis. 


Door Hinges- -Lug vs. Butt 
JOHN BEST, BALTIMORE, MD. 


latest 
machine 


In looking over some of the 
so-called streamlined-designed 
tools with their sleek smooth 


contours, it is rather surprising to note 


lines and 


that the attachment of doors and covers 
in a number of instances has received but 


scant attention. Whereas the designer 
had eliminated many unnecessary pro- 


jections, he had overlooked the fact that 

cast-on or separately-attached lugs for 

pivoting doors are no longer necessary. 
When integral 


with the bed casting of a machine they 


such bosses are cast 
must be unnecessarily large so as not to 
be washed away during the casting oper- 
ation. On the matching cover, the bosses 
are usually formed in such a way as to 
provide a strengthening rib between the 
boss and another 
design, square-headed steel studs replace 


the cover proper. In 
the cast lugs. In these are driven pins 
upon which the door pivots. While these 
studs are smaller and neater in appear- 
ance, machining costs are greater than 
the cast type. But the projections are not 
eliminated. 

Where can the designer see some out- 
standing applications of door hanging and 
hinge attachment? He needs only to look 
about in his own kitchen or in_ store 
windows to see the treatment given newly 
designed refrigerators, electric and gas 
ranges, steel kitchen cabinets. or at the 
new automobile models. In some in- 
stances the hinges are entirely concealed, 
on others they are partially hidden. En- 
tire concealment is probably too costly 
as applied to machine tools, therefore the 
latter method will be discussed. 

The thought occurs that the applica- 
tion of butt hinges in place of integrally 
cast or attached lugs would improve the 
appearance of a machine having doors or 
covers. Probably the simplest application 
of butt hinges is that on an ordinary 
house door. The bed and the metal door 
should be mortised as are the wooden 
door and frame. To attach a hinge on the 
outside of a cover so that all the hinge 
and attaching screws are visible would 
defeat the purpose of better door hang- 
ing appearance. With a little thought 
and a preliminary layout, a compara- 
tively small hinge can be utilized and so 
assembled that but half the pivot 
knuckles and spindle protrude beyond 
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the bed and door with all attaching 
screws concealed when the door is in the 
closed position. The spindle need not be 
knob-nuts 


ordinarily used on a wooden door hinge 


tipped with the ornamental 


but can be rivet-headed or peened over. 

Although we cannot find advertise- 
ments in technical journals of such an 
insignificant detail as a butt-hinge for 
machine doors, they are available from 
hardware manufacturers. But care must 
be exercised in the selection. The 


knuckles should _ fit 
shake and the pivot pin should be fitted 


without endwise 
with close tolerance in a reamed hole. It 
is evident that an upset or solid cast 
hinge with machined knuckles is better 
than one formed from sheet steel. 
butt-hinge. socket- 
head or hexagon-cap screws can be used. 


For attaching a 


In some cases they are flush-riveted o1 
when fastened to sheet iron or steel, spot 
welded. Vertical doors usually require 
two hinges, but when well-fitted hinges 
are used fairly horizontal covers can be 
mounted with but one hinge. 


Help Wanted 


To the Editor: 

I am seeking a compensating device 
which would transfer an exact movement 
from one object to another. though the 
two objects may have different 
ments relative to each other. For exam- 


move- 


ple, producing the motion of a lever on 
duplicating that 
movement through some device to a lever 


one freight car and 


on the next car, although both cars are 
x backward or moving 
Henry Boun 
Schenectady. N.Y. 


moving forward 
laterally. 


Melting Points of Fusible 
Plug Alloys 


To the Editor 
We are doing some research work in 


connection with oil development) which 





Flug to be light 
press fitin Aole 
: k ~ 
tay x“~x ttl, 
4 span 
Ends of plug tb be 0.002 
below inside surface and 
back surface of bearing 


Enlarged view through plug 





\Orill and ream £ hole 
through bea rin wal/ 


Lower half of bearing 








Installation of fusible plug in connecting- 
rod bearing 


requires the use of fusible plugs. While 
we have information on a number of 
eutectic mixtues, we can find none result- 
ing in an alloy which melts at 300 deg. F. 
Our information shows that we have ma- 
terials which melt at exactly the follow- 
ing temperatures: 275 deg. F., 284 deg. 
F. and 332.6 deg. F. 
we expect to occur in our particular 
work is 300 deg. F., therefore any  in- 
formation you can give us would be 
appreciated. D €. 

{lbany, N.Y. 


The temperature 


To the Editor: 

Typical compositions for plugs of var’- 
ous melting points are shown in the tabie 
presented below. 

The edges of the holes must be care- 
fully burred on both sides so that the 
bearing will seat properly in the rod and 
be perfectly smooth on the inside as a 
protection against a localized hot spot. 
The method of installing the fusible plug 
is shown in the accompanying drawing. 

ALBerT B. Wiis 
Federal-Mogul Corporation 





MELTING POINTS OF FUSIBLE PLUGS 


Lead Tin Bismuth Cadmium 
204.8 deg.F. 32 per cent 16 per cent 52 per cent 
217.4 deg.F. 26 per cent 53 per cent 21 per cent 
ras | deg.F. 14 per cent 56 per cent 


276.8 deg.F. 
300.2 deg.F. 


12 per cent 


58 per cent 


62.5 per cent Si.3 per cent 





Quest for Constant Speed 
ALLEN FISKE 

In the process of “printing” copies of 
motion picture films, the negative and 
the raw stock are run in synchronism 
past a source of light. A constant speed 
is absolutely necessary to ensure high 
fidelity of the sound track. This require- 
ment was met in a unique manner in 
the O. B. Depue Combination Picture 
and Ultra-violet Non-slip Printer. 


The problem was solved by attaching 
to one of the reduction gear shafts a fric- 
tion coupling consisting of an adjust- 
able-spring bronze or beryllium-coppet 
spider with an adjusting nut and check 
nut. When the two motors were in step. 
the bronze spider’s circular indentations 
snapped into corresponding drilled in- 
dentations on the reduction gear rotating 
freely on the spider’s shaft. Thus the two 
reduction gears locked into step during 
the particular cycle of operations. 





Can You Work This One? 


H. E. 


This month’s problem 


On a Bicycle Built for Two 
Dick and 


their new tandem to journey a distance 
ot 13 ] s miles. Any one or two boys 
could pedal the machine at twenty miles 
an hour. Tom could walk a 


Tom, Harry started with 


mile in 
minutes, Dick a mile in fifteen 
minutes, and Harry a mile in twelve min- 
utes. Obviously, the three could not ride 
at the same time. What 


twenty 


plan of pro- 
cedure would allow them to cover the 
distance in the shortest possible time? 


{nswer to last month's problem 


Send More Money 


If each different letter represents a 
different digit, the sum 


SEND 
MUVORE 


VONEY 


SMITH 


must equal $106.52 based on the follow- 
ing deductions. 

1) Two digits S +4 M, added 
cannot result in a number of more than 
19: therefore, M@osmust be 1. 


>) 


when 


1 plus another digit plus a possible 
l carried over, can be only 10 or 11, but 
as M is 1, O must be zero. 

3)Since N is not zero, E plus zero can 
result in only a one digit number. There- 
fore, S must be 9. 

1) Since E plus zero equals NV, V must 
be 1 greater than E. 

5) N plus R equals E and since F is 
1 less than \, this result can only be 
tained by adding 9 to N. Since S equa 
9, R must be 8 and the sums of D an 
must be greater than 10. 

6) D, E, N, and Y must be num- 
bers between 2 and 7, and N must be | 
greater than E. D plus E must be at Ic ast 
12. The only combination which will ¢ive 
12 or greater is 5+ 7, or 647. Be- 
cause of the relation between E and \, 
E must be 5, D must be 7, N must b. 6, 
and Y must be 2. 
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Felt Seals 


\ new form of gasket known by the 
tradename. “Fel-Seal.” which is Thiokol 
treated after or before and after the 
gasket has been cut. thus assuring a con- 
tinuous. unbroken envelope of Thiokol 
completely sealing the base gasket ma- 
terial which may be of different base 


Thiokol seal 


absorption of gases ot 


materials. The prevents 
penetration or 
liquids being handled. thus protecting 
the base material against deterioration. 
Available in thicknesses from 0.005 — to 
0.125 in. or more. Resiliency may be con- 
fined almost entirely to. the outer sur- 
faces or may be had to extend through- 
out the entire thickness. The Thiokol 
rubber-like envelope is impervious to oil, 
water. and practically all common solv- 
ents or corrosives and will not contami- 


nate the liquid or gas being handled. 


Bulletin available. Felt Producis Mfg. 
Ave.. Chicago. Ill. 


Co.. 1504-14 Carroll 





Rivet-Bolt 


Fastening for structural steel connec- 
tions which eliminates the noise of the 
riveting gun. The “Rivet-Bolt™ is made 
of carbon manganese steel claimed to 
have about 30 per cent higher physical 
values than the common structural rivet 
material. It is specially formed having a 
button head similar to the rivet but with 
ariibed grip portion slightly greater in 
dian-ter than the punched and drilled 
hole. in the structural steel connections 


In ch it is used. Grip lengths vary 
wit e thickness of the steel members. 
Th et-bolt is driven into the hole with 
fe 7 8-lb. maul to produce a bound fit 
In t iole. The thread end of the bolt is 
tory with the Dardelet self-locking 
sere hread on which the nut is turned 
and itened. It remains locked under 
Seve onditions. such as are encoun- 
ter pneumatic rock drilling equip- 


ie rivet-bolt was approved by the 


1939 


New Mat 





Board of 
December 20. 1938. Columbia University 
Dardelet “Rivet-Bolt” Test Report No. 


Standards and Appeals on 


2477 = available. Dardelet Threadlock 
Corp.. 55 Liberty St.. New York. N. Y. 


Pump and Valve Unit 


\ combination double pump and valve 
unit for hydraulic operation. Two vane 
tvpe pumps are mounted on the same 
shaft. The built-in valve control enables 
the unit to automatically change its out 
put from large volume low pressure dis- 
charge to a small volume high pressure 
discharge. the unit automatically chang- 
ing over as required. An integral relief 
valve is also included in the combina 
tion pump unit in order to limit the 





maximum pressure to 1.000 Ib. per sq. 
in. Any combination of pumps can be 
selected to meet practically any travers- 
ing. feeding. clamping or other general 
purpose requirements. Vickers. — Ine.. 
1400 Oakman Blvd.. Detroit. Mich. 


Acetobutyrate Piastic 


Known as Tenite Il. this new thermo 


plastic molding composition is made 
from cellulose acetate butvrate which is 
entirely different from the cellulose ace- 


tate plastic 


previously sold as Tenite 














and now designated as Tenite Ll. Tenite 
Il is claimed to have all of the advan- 
tages of cellulose acetate and cellulose 
nitrate and practically none of their dis- 
advantages. Moisture absorption is about 
the same as that of nitrocellulose plas- 
tic and about half that of cellulose ace- 
tate. For molding Tenite Il 
requires less pressure and up to a cer- 


injection 


tain point flow increases uniformly with 
temperature. It has much greater resist 
ance to heat and has an improved sur 
Tenite II is 
suited to applications that require dis 


face finish. particularly 


tortion resistance against high heat 
and humidity. The same color numbers 
apply to Tenite IL as apply to Tenite I. 
Bulletin 


Corp... Kingsport. Tenn. 


available. Tennessee Eastman 


Al 


ir Pumps 





Known under the tradename. Motoair. 
these pumps provide vacuum or pres 
sure for applications such as packag 
int. labeling. cappins. sproying. cleaning 
and other types of machines requiring 
vacuum or pressure. Motoair can be in 
stalled in 


mounting positions without affecting lu 


normal. wall. or ceiling 
brication, power or output. Drive from 
inotor and pump is one unit with pump 
mounted on extended motor shaft and 
oil-condenser mounted directly on the 
unit. The unit is equipped with an auto 
matic oiling system which provides ade 
quate lubrication and always shows the 
amount of oil circulating through the 
pump. Oil is filtered twice before enter 
ing pump. Available ‘n= sizes ranging 
from 5 to 70 cu. ft. of air per min. for 
vacuum or pressure with motor horse 
Units 
for high vacuums and for pressures up 


nowers ranging from 14 to 2 hp. 


to 30 Ih. per sq. in. are available. Moto 
air Div... New Jersey Machine Corp.. 
1505 Willow Ave... Hoboken. N. J. 
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Knitted Wire Tubing 


Made with one strand of wire knitted 
into resilient rows of interlocking loops, 
forming seamless, continuous tube. Wire 
of varying gages can be used and the 
tubing can be manufactured in’ many 
diameters and in almost any length. 
One combination of wire gage. mesh 
size and diameter will produce a_ tube 
of great flexibility, while another com- 
bination will make tubing that has rigid- 
ity. and when bent or formed will 
retain any desired shape or position. 
Whether a flexible tube or a rigid tube 
is made. both possess the same_resist- 
ance to deformation. Can be rust- 
proofed. plated, coated or covered with 
rubber silk. or other fabrics. Among the 
many uses of this knitted wire tubing 
are as a protective covering for hose 
or hose connections, for light cords on 
electric appliances, a non-slip grip for 
tool handles. brushes, ete.. covering for 
test tubes and other glass articles, cov- 
ering for moving parts of machinery. 
for flexible shafts or belt drives. numer- 
ous household uses. ete. 
leaflet available. E. 
Binghamton, N.Y, 


Descriptive 
H. Titchener & Co.. 


Vultiple Passage Hose 


Consisting of two lines” of | flexible 
welding hose molded into a single unit. 
employed to convey oxygen and acetylene 
for welding and cutting work. ‘“Twin- 
weld” hose has an inner lining of non- 
blooming. gas-resisting compound which 
is cord-reinforced, The carcass is made 


to resist pressures many times greater 


than those incident to welding service. 
Hose is installed by splitting it with 





a knife along the joint line at each 
end a sufficient distance to form a con- 
venient “Y” at both tank and torch ends. 
After this separation the ferrules are 
crimped to permanently prevent any fur- 
Avail- 


able in any desired cut length. or in 


ther separation of the two hoses. 


continuous lengths up to 500. tt. which 
can be cut as desired. Hewitt) Rubber 


Corp.. Buffalo. N.Y. 


Front-Operated Switch 


The switching mechanism of this Type 
D inclosed switch is operated on the 
“push-pull” principle by a non-warping 
molded plastic handle. Rated at 30 amp.. 
the complete line consists of Bulletin 
1140 devices for 2 and 3-wire solid neu- 
2-pole. 250 volt 
switches. They are available with and 
without dead-front plates. Bulletin 4302 
is a specially designed water heater 


tral service. and 


switch with a grounded neutral and 
dead-front) construction. The modernly 
“air-styled” case measures 7'% in. high, 
5 in. wide and 2% 
ished with 


, in. deep. and is fin- 
rust-resisting aluminum, 
which provides a good ground connec- 
tion. Cutler-Hammer, Inc., 296 North 


12th St.. Milwaukee, Wis. 


























Ignitron Contactors 


\n addition to their line of Lgnitron 
contactors for spot projection and flash 
CR7503-ELA. Advan- 
tages claimed include quiet operation, 


welders. Type 


even when rapidly interrupting hundreds 
of amperes, no moving parts, and low 
initial as well as low maintenance costs. 
In addition, the Ignitron tubes can be 
replaced quickly. Contactor is expected 
to be particularly suited for high-speed 
welding applications such as the manu- 
facture of automobile bodies or the 
fabrication of other sheet-metal prod- 
ucts. G.E. 
available. with or 


lgnitron contactors are now 


without inclosing 








cases, in the following ratings based on 
typical welding duty cycles: 150, 300, 
900 and 2.500 amp. General Electric Co., 
Schenectady, N. Y. 


Threaded Rods 


Rods in lengths up to 12 ft. and 
threaded their entire length in various 
forms of screw threads so that threaded 
parts such as worms, valve stems, trans- 
lating screws, and similar parts can be 
manufactured by simply cutting off and 
finishing the ends thus saving much 
time otherwise required for threading 
operation. Other advantages are that 
down time on the screw machine be 
cause of threading trouble is eliminated 
and the thread finish is usually supe- 
rior to that generally obtained on screw 
machines because the rods are threaded 
at the most efficient 
forms include U.S, 


speeds. Thread 
Standard. Acme. 
worm threads in either the single or mul- 
tiple threads. Rods may be of steel. sy 
cial alloys. stainless, monel. aluminum. 
brass or other metal. The Eastern Ma 
chine Serew Corp... New Haven. Conn. 





if wee y 


“Visulope’” Envelope 


Designed to afford positive and per- 
manent protection to blueprints, which 
are subject to frequent handling «and 
rough usage. This new “Visulope’ is 
made from a thermo-plastic sheet which 
will withstand moisture, will not be 
come brittle with age, is oil and gre.se- 
proof, will neither stretch nor shr nk. 
and is non-inflammable. Curtis 1000 | vc.. 
1000 University Ave... St. Paul. Min 
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lydraulic Action Control 


line of high voltage room = thermo- 


and thermo- 


“hydraulic 


stuls. oven controls space 


featuring the action” 


=| = 


principle. Solid) liquid) charges. from 
which all) gases have been excluded. 
actuate the switch contacts so power- 








fully that extremely high loads can be 


carried accurately and without 


25 amp. at 120 


relays. 
volts. a.c. Available in 
a variety of types for heating and cool- 
ing requirements. Julien P. Friez & Sons. 
Div. of Bendix Balti- 


more. Md. 


Aviation Corp.. 


Safety Flexible Coupling 


Designed for use on direct connected 
machinery on locations where couplings 
with iron or. steel bodies are not. en- 
possibility 
this 


L-R flexible coupling is made of Tobin 


tirely safe because of the 


of spark-hazard. The body of new 


bronze, which will not) “spark” under 


any condition. 
cushion Is 


Spider or resilient load 
rubber. duck, 


material of 


made from 


leather or a brake lining 





wove: asbestos. Couplings are quiet in 


Oper n, require no lubrication, and 


are ly installed. Made in standard 
SIZes th bores from 1 to 214 in., in- 
tlusi ? to 90 hp. at 1.750 r.p.m. Love- 


loy | ible Coupling Co.. 5009 W. Lake 
Mt. ( igo, Ill. 


Fel), ry, 1939 





Centrifugal-Speed Relay 


\ new relay that is adjustable during 
operation, designated as Type GCR-10. 
for controlling practically all types of ro- 
tating machinery in the speed classifica- 
tions between 70 and 4,000 r.p.m. May be 
set to indicate either excessively high or 
low speeds or both, and for synchronous- 
speed indication as well. Calibratior: 
within range of the relay may be made 
without stopping the machine. The relay 
may be mounted vertically or horizon- 
tally 


or counter-clockwise 


and will operate with clockwise 


rotation. Switches 
mounted on the stationary part of the 
relay are separately adjustable in’ posi- 
tion and are readily interchangeable to 
provide either automatic or manual reset. 
Central Station Dept.. General Electric 


Co.. Schenectady. N. Y. 


Roller Bearing 





machine 


Developed primarily for the 


tool industry. this new double-row cylin- 
drical roller bearing is also adaptable 
fields. Its 


giving a 


in other advantages are a 
light 


a small outside diameter. desirable when 


section large bore and 


space is at a premium. The large num 


ber of cylindrical rollers maintained in 
a staggered position by the bronze cage 
high radial capacity with ex 
treme rigidity and smoothness. Made in 
from 1% to 14 in. 


bearing can be supplied for shafts up 


permits 


a range of sizes 
to 18 in. in diam. Descriptive catalog 
available. SKF Industries. Inc.. Front St 
& Erie Ave.. Philadelphia, Pa. 
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“Parasol” Spray Nozzles 


Line of non-clogging spray nozzles tor 


tir conditioning. air washers. air coolers, 


brine spraying. chemical processes ot 
where an exceptionally wide spray angle 
Is required, Spray is the hollow cone 
type with uniform. distribution. “Para 
zol” nozzles are available with femaie 
pipe connection !y in. to Yo in. Capaci 
ties range from 0.5 to 4.0 gal. per min. 


Stand 


brass, but 


at 10 Ib. per sq. in. pressure. 


ard nozzles are made of can 
metals as specified. 


1922 W. 


be made of othe 


Systems Co.. Grand 


Spraying 
Chicago, Ill. 


Ave.. 





**No-Rust’’ Primer 
Valdura “No-Rust” 


paint product developed to eliminate the 


Primer, a new 
expense of sandblasting or cleaning rusty 
surfaces to the bare metal before paint- 
ing. It is applied directly over rust and 
prevents further oxidation. Although the 
Valdura as- 


Valdura_ im- 


manufacturers recommend 
phalt 


proved asphalt paint as the 


aluminum paint. or 


finish coat. 


they believe anv good orade paint can 


he satisfactorily applied over the primer, 
Bulletin) available. American Asphalt 
Paint Co. 43 E. Ohio St.. Chicago. TL. 


Vuffler 


Known as “Snubbers.” these mufflers 


are designed for use on single or mul 


tiple eylinder internal combustion en 


Their construction is shown in the 


vines, 


accompanying illustration. In operation, 


the rush of exhaust gas 


enters at one 
end. passing into the perforated tube 
and then out through the perforations 
into successive tubes. In this) manner 
the energy of the exhaust is dissipated 
and noise thereby eliminated. These 


units because of thei principle of opera 
installed 
exhaust line and do not permit the build- 


tion can be anywhere in the 


Bur- 


Div.. 113 W. 


ing up of reflected pressure waves. 
gess Battery Co.. Acoustic 
Monroe St.. Chicago, Il. 
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Belt Tension Adjuster 


Known as the “Tension-Trol”  belt- 
tension adjuster for stepped cone pulleys. 
In this device a special position locking 
nut, operating on a fast lead screw. pro- 
vides instant adjustment of the pulley 
centers assuring proper belt tension. The 
“Tension-Trol” is standardized in several 
convenient sizes and is also made to speci- 
fications. The Berkeley Engineering Co.. 
1381 East 17th St.. Cleveland. Ohio. 


} ertical Split-Phase Motor 


\ split-phase. continuous duty. 1, hp. 
motor adapted for vertical mounting. It 
has a special bearing design which = pro- 
vides for lubricant circulation and util- 
izes the filtering advantage of the feed 
wick. It is) semi-totally inclosed with 
built-in air circulator to insure adequate 
cooling. Starting and pull out torques 
are high and the motor is equipped with 
a rugged thermal overload switch. Other 
features include dynamic balanced rotor 
parts and electric welded rotor connec 





tions which eliminate solder. This motor 
is also furnished in a modified design for 
horizontal mounting. The Deleo Appli- 
ance Div. General Motors Sales Corp.. 


Rochester. N.Y. 


Insulated Flexible Coupling 


In this coupling two metal flanges with 
projecting segments engage each other 


through a non-metallic insert or spider. 


the arms of which carry the load in com- 
pression. Power transmitting capacity Is 
governed by both the outside diametet 
of the coupling and the total load-bearing 
surface of the insert. These redesigned 
couplings have six radiating arms. pro- 
viding three driving points of contact in 
place of the former four-arm insert. This 
50 per cent increase in load-bearing sur- 
face makes possible appreciably greater 
horsepower ratings. Flange hubs have 
also been enlarged to permit boring for 





larger shaft sizes. The flexible inserts 
are of special oil-proof rubber and cork 
composition. or of leather. Descriptive 
folder FB-14T available. Charles Bond 
Co.. 617-623 Arch St.. Philadelphia. Pa. 





Air Cylinder Cushion 


Developed to meet the demand for a 
cushion which can be adjusted to meet 
the variables of air velocity. stroke and 
relation of cylinder capacity to load. 
Once adjusted the cushioning is entirely 
automatic. As the cushion sleeve enters 
the cylinder head. the air trap between 
the piston and the cylinder head forms 
a cushion. The speed at which the pis- 
ton continues to the end of the stroke is 
then controlled by an adjustable needle 
valve. High-pressure air for the return 
stroke enters the cylinder through the 
ball check valve. 


ing this new development are available 


Air evlinders embodvy- 


inclusive. 
Where heavy loads and long stroke are 


in diameters from 2 to 20 in. 


involved, modifications of the cushion 


illustrated provide greater cushioning 





area and. stroke. In 
cushion 


addition to tu 
control such eylinders — are 
equipped with speed boxes to cont: N| 
the full piston travel. Hanna Engines: 
ing Works. 1765 Elston Ave., Chica 
Il. 


Safety Switches 


switches. with 
and without molded plastic dead front. 
Push-pull operated. 


Front-operated — safety 


Rated capacity 30 
amp. The cabinets. styled for eye appeal 
are claimed to be exceptionally small yet 
large enough to permit wiring without 
removing the interior. The Wadsworth 
Electric Mfg. Co.. Inc.. Covington. Ky. 





Strip Heaters 


Strip heaters made in two tempera 
ture ratings of 750 deg. F. and 1.200 
deg. F. 
plicable on crane cabs. valve house. ele 
tanks. hot 
tables and wherever ease of application 


on the sheath. Particularly ap- 


vators, ovens. metal water 
and convenience are prime requirements. 
These heaters are obtainable with both 
terminals at one end or terminals at 
opposite ends. Heating elements with 
refractory insulation and sealed against 
inclosed and 
bolt holes are provided at each end fo! 
mounting, 


moisture are completely 


Available for Operation on 
115 volts. 230 volts and two styles fol 
250 volts. the heaters include sizes of 
8. 12. 18. 24. 30%. 36 and 43 in. in 
length with ratings from 150 to 1.250 
watts. Westinghouse Electric Mfg. Co.. 
est Pittsburgh. Pa. 
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Manufacturers’ Publications 





\in’ Pumps—Motoair Div... New Jersey 
Machine Corp., 1505 Willow Ave.. Hoboken. 
\. J. Bulletin, 6 pages, 8!5x11 in. Deserib 

the MOTOAIR pumps for vacuum ot 
pressure uses where vacuum or pressure is 
embodied in equipment such as packaging, 

nting. lithography, box making, vacuum 
frames, labeling, capping, bottle tilling and 
similar machinery. Bulletin includes sizes 
and ratings in addition to detailed descrip- 


t 


tion of the unit and its operaton. 


Amsco-ALLoy Castincs—American Man 
ganese Steel Div... American Brake Shoe & 
Foundry Co. 389 E. 14th St... Chicago 
Heights, Ill. “Amseo-Alloy Heat and Corro- 
sion-Resistant Castings for Industrial Ap 
plications.” 24 pages, 84x11 in. Following 
Amsco 
facilities, plant 
operation and equipment. the booklet is 


devoted to data on the physical properties 


an illustrated) discussion covering 


experience and research 


of the alloys and their wide range of use 
fulness. 


Many applications in a variety of 
helds are illustrated. 


Beartncs Merriman Bros.. Inc.. 185 
Amory St.. Jamaica Plains. Boston. Mass. 
Bulletin 40. 16 pages, 8!ax11 in. Detailed 
description with engineering data on bush- 
These 


are sand-cast bronze alloy bearings with a 


ings. bearings and thrust washers. 


eraphite-powder metal mixture pressed into 
recesses in the bearing surface. 


Brower Wueets—Janette Mie. Co.. 356 
W. Monroe NO Chicago, Il. Bulletin 24-3, 
l6 pages. Blox in. Details of design. ap 
plications, dimensional drawings and tables. 
and tables of performance data covering the 
Janette line of blower wheels. 


Drives Link-Belt) Co.. 519 N., 
Holmes Ave., Indianapolis, Ind. Engineering 
Data Book 1645, 48 pages, 8'5x11 in. Con- 
taining data on their Silverstreak silent chain 
and Silverstreak roller chain drives for auto 


CHAIN 


motive and stationary engines. 


CONTROL InstrUMENtS Julien P. Friez & 
ons, Div. of Bendix Aviation ( orp.. Balti- 
more Mad. Data Sheet 
advantages of their hydraulic action prin- 
ciple: Bulletin TS, describing their heavy 


s 


225. describing the 


capacity wall oven and = industrial  thermo- 
stats: Bulletin LC, describing boiler. furnace 
ind fan controls: Bulletin TM. describing 
Microstat thermostats: Bulletin CS, deserib- 
Ing oket control sets and accessories: and 
Bulletin CR, describing refrigeration tem- 
peralure and pressure controls. 


Foxcines—Steel Improvement & Forge 
0 ‘60 Addison Road. Cleveland, Ohio. 
“For-ing Ahead With Forgings.” 36 pages, 


oy In. Suggestions on designing for 


0 *. suggestions for purchasing specifica 
ton ind recommendations for detailed 
i s. This is followed by descriptions 
ol preparatory steps for forging, forging 

ror ses, and a description of the com 
Piet’ range of finishing operations. Tables 
alve parative information on the various 
0 ial forging metals, both ferrous and 


Olls, 


Fe} ary, 1939 


G. E. Buttetins—-General Electric Co.. 
Schenectady, N. Y. GEA-2872. 24 pages, 
8x10'y in. “What Every Plant Operator 
Should Know About Metal Enclosed Switch 


vear.” GEA-594B (supersedes 594A), 4 
pages, 8x10'5 in., “G-E Automatic Control 


Panels) for Industrial Eleetric Heating.” 
GEA-2964, 6 pages, 8x10'5 in. on the new 


G-E full-voltage magnetic motor starter. 


Harp-Factnc- Haynes Stellite Co., Koko 
“Hard-Facing With Haynes Stel- 
lite Rod (Oxy-Acetvlene Process ).” Bulle 
tin, 6 pages, 8'5x1l in. A revised folder 


presenting the complete procedure for hard 


Mio, Ind. 


lacing steel wearing surfaces by the oxy 
acetylene process. Also includes data on th 
different) grades of Haynes Stellite hard 
facing rod and lists many applications, A 
similar revised folder presents comparabl 
data for hard-facing by the metallic are 


process, 


Hyprat Lic CYLINDERS Hannitin Mie. Co.. 
621-631 S. Kolmar Ave.. Chicago. Il. Bulle 


tin 35-A. 16 pages. 84x11 in. Includes 
different 


evlinders with various 


illustrations and = dimensions — of 
types of hydraulic 
standard mountings and with small diamete 
piston rod, 2-to-1 differential piston rod or 
double end piston rod, Also gives informa 
tion on hydraulic eylinders with adjustable 
cushion on ¢ ither o1 both ends. 


MeKenna Metals ¢ 0., 
Latrobe. Pa. Catalog 2, 8 pages, 8!5x11 in. 
Detailed information on “Kennametal” a 


Merat Currine 


tungsten-titanium carbide for steel and metal 
cutting tools and blanks, lathe centers, gave 
parts, rings, balls. rolls and other shapes that 
must possess exceptional hardness and wear 
resistance. Properties of three vrades of 
alloys produced. hard, medium and soft. 
with complete price lists and methods of 
grinding and brazing are included. 


Measuring Instrementrs—Federal Prod 
ucts Corp.. 1144 Eddy St... Providenee, R. 1. 
Catalog 38, 64 pages, 8¥ox11 in. Descriptiv 
details and illustrations covering their. line 
of precision instruments for measuring and 
comparing linear dimensions, including seven 


new gages. New price lists are also available. 


Morors —Allis-Chalmers Mfg. Co.. Mil 
waukee. Wis. Bulletin 1195, “Save on Service 
Costs with Allis-Chalmers *Lo-Maintenance’ 
Motors.” 8 pages, 84x11 in. Devoted to 
illustrated descriptions of construction de 
tails of their squirrel cage induction motors. 
a table giving the common types of squirre] 
cage motors and their applications, and 
case studies of “I o-Maintenance” motors 
that have been in operation under adverse 
conditions, 


Morors- Century Electric Co.. 1806 Pine 
St.. St. Louis, Mo. Manual 21-121. 4 pages, 
3x10'5 in. Information on the installation. 
care and adjustment of fractional horse 


power, capacitor, single-phase motors. 
Morors-Westinghouse Electric & fe. 

Co.. East Pittsburgh. Pa. Descriptive Data 

3530. 4 pages, 8'4x11 in. Describing their 


hoist and crane motors. designed to meet 


we 


exacting electrical and mechanical require 
ments of severe reversing and plugging 


service with frequent starting and stopping. 


Shaw-Walker. \luske 


gon, Mieh. 1939 Buvers’ Guide. 500 pages, 


Orrick EourpMend 


8! xi] in. Coon pete illustrated catalog list 


ing and price lists of Shaw-Walke 
furniture, filing 


] 
supplies, 


Dusiness 


cabinets, equipment and 


PHOTOELECTRIC Conrrot —United Cine 


phone Corp.. 33rd St.. Long Island City 
N. ¥ “Marvels of the Electric Eye” 12 


pages, Ox9!4 in. 


ol the principles ol operation ot photo 


Following a brief outline 
electric control, the booklet is devoted to a 
presentation of a few of the many typical 


uses and special applications of the control. 


Some auxiliary equipment is also listed 


Foxboro 
Bulletin DMF-765. 4 


Setting forth the mechani 


RECORDING (LONTROLLERS The 
Co.. Foxboro, Mass 
pages, 8'4x11 in 
cal features and operating advantages of 
their potentiometer indicating recording con 
trollers, with several detailed illustrations. 
general specifications of the instrument. and 


i typical mounting diagram. 


American (Chemical 
Paint Co.. Amb'er, Pa. Bulletin 7-10-S. 4 


Rust - Proreerion 
pages, Blox 1! in Details concerning thei 
spray-granodizing process which provides a 
rust-resisting, 


paint-retaining surface on 


steel, 


SPEED Repucers— Janette Mie. Co.. 556-558 
W. Monroe St.. Chicago. Hl. Bulletin 22-29, 


14 pages, Blox11 in. Comy 


ete specification 
data, mounting dime nsions, and price list 
covering their worm and spur gear types 
and their high-speed helical gear types of 
motorized speed re lucers. ( onsiderable en 


rineering data aand formulas are included. 


STEEI Joseph T. Ryerson & Sen. Ine.. 
loth & Rockwell Sts... ¢ hicago, Hl. “Ryerson 
Certified Steels.” 28 pages. Setting forth 
the outstanding advantages of Ryerson cet 
tified steels and alloyed products. explaining 
the special certified alloy plan. Also in 
cluded is a digest of standard and special 
illovs along with general suggestions on heat 


treating. 


Switch Heaters Westinghouse Electric 
& Mig. Co. East Pittsburgh, Pa. Booklet 
B.2173, 8 pages, 8'ox11 in. Descriptive details 
and illustrations covering line of electric 
switch heaters for use with steam. elevated 


or street railways, 


Wetpinc—Air Reduction Sales Co.. 60 
East 42d St.. New York, N. Y. Iwo new 
catalogs covering their entire line of Airco 
welding and cutting apparatus and supplies 
Catalog 22, containing 32 pages, depicts hand 
welding and cutting torches and. tins, pres 
sure regulators, fluxes, rods and other <up 
plies. Catalog 21, containing 64 pages. is 
designed to assist the large user of oxy 
acetylene equipment and electric are welding 
machines. 


WELDING The Lincoln Kleetric Co.. 


2818 Coit Road, Cleveland. Ohio. Booklet. 


20) pages, 8lox1l m A con prehe nsive, well 
illustrated hooklet eiving the story of the 
new ire welding technique made ivallalbole 
by the “Shield-Are” welder with self-indic at- 


ing dual continuous control 
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Mechanism 


Ropert McA. Keown, revised and re- 
written by Virgil M. Faires. Fourth edi- 
tion, 282 pages, 644x914 in. Blue cloth- 
board covers. Published by the Mc- 
Graw-Hill Book Company, Inc., 330 
West 42d St., New York, N. Y. Price 
$2.79. 

This fourth edition follows the general 
plan of the previous book. The section 
on friction drives has been moved _ for- 
ward. There has also been some regroup- 
ing of the discussion of cenires and 
velocities. The chapters on gearing cov- 
ering the proportions of gear teeth con- 
tain some new material. Many line draw- 
ings have been remade, and in some 
instances photographic illustrations have 
been substituted for line drawings. A 
short chapter called “Accelerations in 
Mechanism” has been added. which is 
confined to a discussion of the funda- 
mentals of graphical solutions. In this 
edition are included discussions of non- 
block-and- 


tackle devices. Gleason straight 


circular rolling — surfaces, 
bevel 
teeth, the Geneva mechanism and_ the 
universal joint. In the problem section 
at the end of each chapter many new 
problems have been added. 

Other chapters deal with mechanisms 
and machines. flexible connectors, cams 
and miscellaneous devices. The ap- 
pendix contains instructions for drawing 
sprocket and gear teeth. and problems 
for drafting room solution. 


Steel and Its Heat-Treatment— 
Vol. I 


D. K. BuLLens and the metallurgical 
Staff of the Battelle Memorial Institute. 
Fourth edition, 445 pages, 6x9 in. Brown 
clothboard covers. Published by John 
Wiley & Sons, Inc., 440 Fourth Ave., 
Vew York, \. Y. Price $4.50. 

The Battelle Memorial Institute in re- 
Vising., rewriting and adding to the ear- 
lier editions of this work. now presented 
as the fourth edition. has admirably 
maintained the sound and practical point 
of view for which the previous editions 
are noted. In order to cover the many 
advances made in the understanding of 
the properties and = characteristics of 
steels; the great strides made in the 
development of heat-treating processes: 
and the growing use of “made-to-order” 
steels; it has been necessary to intro- 
duce new chapters and, in order to save 
space, to condense and to eliminate many 
portions of the earlier editions. Even 
then the amount of desirable material 


to be presented required two volumes. 

Volume I deals with those principles. 
processes, and fundamentals of control 
which relate to the heat-treatment of 
plain carbon and also alloy steels. Vol- 
ume Il, which will follow. will discuss 
engineering carbon, simple alloy, com- 
plex alloy and special purpose steels. 


Magnesium and Its Alloys 
First American Edition 

J. L. Haventon ano W. E. Prytue- 
RICH. 100 pages, 5% x8%4 in. Blue cloth- 
board covers. Published by the Chemical 
Publishing Company, 148 Lafayette St., 
New York, N. Y. Price $1.50. 

Contains in a single volume, a digest 
of properties of magnesium and _ its 
alloys with emphasis on the results of 
five years’ investigation on the subject 
by the Metallurgy 
the Department of Scientific and Indus- 
trial Research, Great Britain. Chapters 
are included on sources of magnesium: 


Research Board. of 


melting and casting; rolling. forging. 
extrusion and heat-treatment: physical 
properties at normal and elevated tem- 
peratures; and constitution of various al- 
\ complete bibli- 
ography is included for reference. 


loys of magnesium. 


The Influence of Form and 
Scale on Strength 


Rayvuonp J. Roark, RicHarp S. HarTEeN- 
BERG AND Rex Z. Witttams. Engineering 
Experiment Station Series No, 84. 53 pages, 
6x9 in. Published by the University of Wis- 


consin, Madison, Wis. 


Report of an investigation undertaken for 
the purpose of securing data that could be 
used in calculating the strength of structural 
elements made of brittle material. The 
immediate objectives were: (1) the deter- 
mination of the factor of stress concentration 
at rupture for each of a number of brittle 
materials, and for each of a variety of form 
irregularities. (2) The determination of the 
rupture factor and the form factor for each 
of several types of structural parts made of 
cast iron, and for corresponding — plaster 
models. Numerous curves present compari- 
sons of calculated and actual values of break- 
ing load for members of various cross-section. 


Crane Research Laboratories 


Spiral bound, 50 pages, 8x1l1l\4 in. Pub- 
lished by the Crane Co. 836 S. 
4ve., Chicago. Ill. 


This booklet presents in an_ interesting 
manner with many striking illustrations the 
story of the research work which goes on 
behind the scenes in the plant of the Crane 


Vichigan 





Company, manufacturers of valves, fittings 
plumbing and heating equipment and punips 
A 12-page section of the booklet is devoted 
to their research work in metallurgy, th 
Crane Company producing 45 non-ferrous 
and 12 ferrous alloys. Other sections ar 
devoted to their researches in welding, radi 
ography, industrial products. ceramics, sat 


tation and hydraulics, heating and air co 
ditioning, basic sciences, photography, and 
detailed illustrations 
their library, design and development depa 


information and 


ment, and works laboratory. 


Streamline, Light-Weight, High-Speed 
Passenger Trains 


68 pages. 7T¥xl0', in. Published b 
CoverDALE & Coxtprirrs, 120 Wall St... Neu 


York, N. Y. 


\ report) prepared for the Edward G 
Budd) Manufacturing Company — presenting 


the results of operation of streamlined, 
stainless steel trains in operation on various 
railroads. Detailed cost figures are giver 
together with gross revenue for such trains 
as the Denver Zephyrs. the Hiawathas,. th: 
Santa Fe El Capitans, the five North Wester 
Union Pacific streamliners. and the Daylight 
trains of the Southern Pacific. The reports 
are based on information provided by th 


railroads. 


Fissures in Railroad Rails 


Hersert F. Moore—Reprint No. 12, 32 
pages. 6x9 in. Published by the Universit) 
of Illinois, Engineering Experiment Station. 
Urbana, Ill, Price 15 cents, 

Fourth progress report of the joint investi 
gation of fissures in railroad rails conducted 
by the Engineering Experiment Station, Uni 
versity of Illinois, in cooperation with th 
Association of American Railroads and The 
Rail Manufacturers Technical Committee. lt 
is reprinted from the bulletin of the Ameri 
can Railway Engineering Association. \ 
104, June—July, 1938. 


Vodel Tests of Latticed Structural Frames 


E. C. Hartman, R. L. Moore ann War 
SHALL Hott {luminum Research Labora 
tories Technical Paper No. 2. 38 pages 
8x10% in. Published by Aluminum Compan\ 
of America, Pittsburgh. Pa. 

Describing a series of beam. torsion an 
compression tests on twelve models of lat 
ticed frame construction. The models in 
clude riveted frames of square, rectangulal 
and triangular cross-section, braced with 
single-diagonal, double-diagonal and quad 
rangular systems of latticing. 


Tin Researches 

Recent reports published by the tek 
NATIONAL TIN RESEARCH AND DEVELOPMENT 
Councit, Copies are available free of charg 
on application to the Council, 149 Broadway. 
New York, N. Y. 

“Flux Inclusions in Hot-Dipped Tin (oat 
ings.” by Paul Rocquet, No. 80, 10) pages. 

“Electrodeposition of Tin from Alkaline 
Solutions,” by S. Baier and R. M. Apules. 
No. 82, 30 pages. 

“Electrodeposition of Tin from Acid Sul 
phate Solutions—II,” by A. W. Hoth. rsall 
and W. N. Bradshaw, No. 83, 48 pages 
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Magnet Coils 


Insulating Materials and Heat Effects 


HREE GENERAL classes of insu- 
lating materials are used on magnet 
coils. They are defined by the 
ALLELE. A.S.A. and NEMA, as Classes 
O. A. and B. 
materials such as cotton, silk and papers 


Class O comprises organic 
I £ 


when not treated in varnish or other im- 
pregnating materials. Class A applies to 
organic materials such as cotton, silk and 
papers when impregnated in varnish or 
gum or immersed in oil. Class B is made 
up of inorganic materials and consists of 
asbestos. glass fabrics. and mica. these 
are combined with a small amount of 
organic material to act as a binder and 
are generally impregneted in varnish. 
Class O materials are used extensively 
on magnet coils designed for very light 
duty which are not subjected to extreme 
temperature or moisture conditions. and 
should not be employed where tempera- 
tures are in excess of 85 deg. C. (185 
deg. F.). 
Where the temperature may be as high 
as 125 deg. C. 


Class A materials are used 


(257 deg. F.) and where 
Class B 
largely where the 
temperature is in excess of those per- 
missible for Class A. The present maxi- 
mum permissible temperature on magnet 
coils for Class B insulating materials is 
145 deg. C. (293 deg. F.) as determined 
by the resistance method. 

The primary purpose of insulation is 
to separate parts of different voltage. 
such as (1) the winding from the frame: 
(2) the starting from the finish termi- 
nals; (3) adjacent turns: (4) or between 
layers. Therefore. en 


high humidity is encountered. 
materials are used 


important char- 
acteristic of insulating materials is their 
ability to withstand voltage strains. Since 
materials differ so widely in this char- 
acteristic it is necessary to check the 
character of each material before decid- 
ing to use it in any particular place. 
lable I lists and describes the standard 
insulating materials used in magnet 
coil-; this table also specifies general 
app ications and dielectric strengths. 
\vother important property of insula- 
tion material is the ability to conduct 
heat All magnet coil windings generate 
heat within themselves which must pass 
thro: gh the layer insulation and the outer 
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Westinghouse Electric & Manufucturing Company 


insulation wrapper and be dissipated to 
the surrounding air. It is. therefore. de- 
sirable to select 
withstand the 


which will 
strains imposed 
upon them and at the same time transmit 
the heat through the insulation with the 
minimum temperature differential. This 
point may not be obvious at first thought. 
but with a given heat flow from the coil 
surface it will be necessary to maintain a 
certain surface temperature. 


materials 
voltage 


Therefore. 
the internal temperature of the coil will 
be higher than the surface temperature 
by the amount of the temperature gradi- 


ent through the coil wrapper. From this 


it is apparent an excessive thickness of 
insulation or a material which does not 
transmit heat may cause an excessively 
high internal temperature. 

The careful selection of the propet 
types of insulating materials is necessary 
for the successful design of magnet coils. 
It is difficult to overemphasize the im- 
portance of fully considering the differ- 
ent voltage relations within the coil. as 
well as from the coil to the frame of the 
apparatus. and also the temperature un- 
der which the coil must operate and dis- 
sipate the internal heat generated. 


CONTINUED ON NEXT PAGE 


TABLE I— PROPERTIES OF INSULATING MATERIALS 





‘TEMPERA- 


TURE 
VIATERIAL CLASS DESCRIPTION 
Cotton tape. . QO, A 
Asbestos tape B 
Glass tape B 
Mica tape B Built-up paper or 
cloth and mica 
kraft paper... QO, A) Tough brown paper 
Gilassine paper Q, A Glossy-hard- 


translucent 


Varnished paper \ Varnish treated 


paper 
Fish paper. . QO, A Extra tough heavy 
paper 
Asbestos paper B Paper made of 
asbestos fibers 
Fish paper and B ‘Sandwich " of two 
mica materials 
Varnished A Varnish treated 
cambric cloth 
Varnished silk. . \ Flexible varnish 
treated silk 
Flexible mica B Built-up mica and 
shellac 
Fiber. MO, A Stiff solid 


Nlade in laminated 
form molded to 


Phenolic plastic A,B 
products 


shape 
Cotton yarn QO, A Multiple and ribbons 
Silk yarn ©, A Multiple and ribbons 
Glass yarn... . B Multiple and ribbons 
Enamel. A Film on wire 


DIELECTRIC 
BREAKDOWN 
Usual VoLrs 
THICKNESSES PER Mil 


(GENERA) 
APPLICATION 


Coil finishing. ... 0.005 to 0.015 >») 
Coil finishing. ... 0.007 to 0.015) 20 to 70 
Coil finishing 0.003 to 0.015 100 
Ground insulation 0.001 to O0.OL0 O00 
Layer insulation — 0.003 to 0.005 60 
and wrappers 
Layer insulation 0.001 to 0.002 200 
Laver insulation 0.002 to 0.005 900 
Pads, layer insula- 0.001 to 0.015 200 


tion outer 
wrapper 
Layer insulation 0.010 to 0.025 20) 


Wrapper 0.010 to 0.020 100 
insulation 

Layer insulation 0.007 to 0.010) 1,000 
and wrappers 

Layer insulation 0.002 to 0.001 
and wrappers 

Terminal insula- 0.010 to 0.020 600 
tion and 
wrappers 


000 


Washers and tubes 200 
Spools, washers, 200 to 800 
tubes 
Wire and layer 0.002 to 0.010 oO) 
insulation on 
‘universal ”’ 
coils 
Wire covering 0.0007 to 0.010 140 
Wire covering 0.0007 to 0.010 200 


Wire covering 0.0001 to 0.0012 500 
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MAGNET COILS — Insulating Materials and Heat Effects 


Continued from preceding page 


The life of a magnet coil is largely 
determined by the temperature at which 
the coil operates. As specified in the 
preceding page there are three groups of 
insulating materials classified according 
to the temperature at which they may be 
When materials are 
operated at or below their normal tem- 
perature they may be expected to age 
slowly and have a reasonable life. 


operated, these 


Insulating materials age through oxi- 
dation and by the evaporation of their 
impregnating materials and binders. Con- 
tinued alternate heating and cooling 
causes slight breathing of the coil with 
resultant absorption of a slight amount of 
moisture. which in turn is evaporated by 
the heating of the coil when energized 
resulting in slightly increasing the rate 
of insulation aging. 
which 


The temperature at 
insulation is immediately de- 
stroyed or ruined is not very definite. 
Most types of insulation will operate 
without appreciably reducing their life, 
for a short time at temperatures consid- 
erably in excess of the normal rating. 
However. every such cycle of excessive 
heating does reduce the life of the in- 
sulation. 

The insulation resistance of insulating 
materials varies inversely with tempera- 
ture. Since there is no perfect insulator, 
all solid insulation when a voltage is 
impressed upon it passes a slight amount 
of current. When the temperature. be 


Fig. 1 


Curve showing effect of temperature 


cause of the heat generated in the wind- 
ing. becomes excessive the current 
through the insulation increases greatly 
and may help to destroy the insulation. 
The resistance of insulation is measured 
in ohms or megohms (million ohms). It 
has been found that the effect of tempera- 
ture on insulation resistance can be ex- 


pressed by the formula: 


Where 
T = higher temperature, deg. C. 
f lower temperature, deg. C. 
f insulation resistance at T 
/ insulation resistance at f¢ 
( constant 
for class O or A insulation C = 0.44 
for class B insulation C = 0.63 
exponent (7 t) + 10 
rc 


Fig. | the temperature change is 
plotted against insulation resistance ratio 
to the known value. 

\nother important effect of tempera 
ture is that the resistance of copper in 
Therefore. 
coils operating at a fixed voltage when 


creases with temperature. 
hot will carry less current because of 
this increase in resistance than when 
cold. This results in a corresponding re- 
duction in the number of ampere turns 
produced at the fixed voltage of the 
coil. This characteristic heating ot cop- 
per is expressed in the following for 
mula: 


on insulation resistance of magnet coils 
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Fig. 2. Curve showing effect of tempera 


ture on resistance of copper 


Where 
copper resistance at T 
coppel resistance at t¢ 


234.5 + 7 


234.5 
The curves in Fig. 2 illustrate the ef: 
iect of temperature on resistance of coils 
in terms of percentage increase from 
three basic temperatures. A useful form 
of this formula is: 


Where 
T” = temperature rise above 25 deg. 
Kc 
resistance at T” rise (not actual 
temperature) above 25 deg. C. 


copper resistance at 25 deg. C. 


T” 


It will be noted that these formulas 
are in terms of temperature and tempera: 
ture rise Centigrade. 

Knowledge of operating temperature 
and its effect on coil operation is essential 
to the successful design of magnet coils 
and the analysis of their troubles. [t is 
particularly important to be able to pre 
dict the change in resistance from cold to 
hot and by measuring hot resistance to 
determine operating temperature. 
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